Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



auuvmi<t97N 




lp(,'l -e. . X'^ 



VIEW 



OVTBB 



PROGRESS AND PRESENT STATE 



or 



Animal ^^tmi&ttp. 



■/ 



Jk 



VIEW 



OF THE 



PROGRESS AND PRESENT STATE 



OF 



Animal Cj^emtatrp^ 



BT 



IONS JACOB BERZELIUS, M. D. 

Professor of Medicine and Pharmacy, &c. &c. 



Translated from the Swedish, 

BT 

GUSTAVUS BRUNNMARK, D.D. 

Chaplain to the Swedish Legation at the Court of St Jamet's. 



ILOtUlQtt : 

Priated by J. Skirven, Ratdiff Highwiy ; 
AND SOLD BY 

JoHM Hatchard, ISO, Piccadilly; J. Johnson and Co. St« Paul's 
Church Yard ; and T. Boosey, 4, Broad Street. 

1813. 



PREFACE^ 



THE Royal Academy of Sciences at Stock* 
holm elects its President every half year from 
among its Members / and it is required j hy the 
statutes of the Academy^ that fchoever has filled 
that office should^ upon leaving it^ read an Essay ^ 
or deliver a Speech^ on some literary or scientific 
subject of his ottm choice. This regulation gave 
rise to tJie present Treatise f the Author of 
which has occupied himself very much with tit- 
vestigatiotis in Animal Chemistry^ and, several 
years ago, .published a Work, in two volumeSf 
on this new branch of Science. In the year 
J8IO9 when he gave up His Presidency in 
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the Academy 9 he chose for his subject ^ a View of 
the Frog^ress and present State of that Science^ 

# 

combining what he had himself investigatedf 
with what he had derived from the scattered 

_ • 

Works of other Chemical Writers. 

As very few of Prof essor Berzelius's Public 
cations have been translated into other languages^ 
and none of them has^ as yet^ appeared in a com^ 
plete state in English^ the Translator of this lit" 
tie Work flatters himself^ that he is doing a not 
unacceptable service to the British literary Pub* 
lie, at the same time that he feels great pleasure 
in having the honour to introduce his most par^ 
ticutar friend to the nearer notice of those, who 
may already be acquainted with his name. 

If the translation, as it is hoped, has the me^ 
rit of being correct in a scientific point of view, 
it is entirely owing to the kind assistance of two 
literary friends, both members of the Royal So' 
ciety — Dr. Thomas YounC, and Mr. William 
Allen, whohave had the goodness to read through 
and revise the whole. X)r. Younq was well ac- 



PREFACE. til. 

quainted fvith the originalj from having been en-^ 
gaged in abridging it for a worJt of his own : 
Mr. Allen'' s familiarity with every department 
of Chemistry J rendered him particularly well 
qualifed for the appreciating the accuracy of 
chemical language; and the Translator takes 
this opportunity of expressing to both these Gen- 
tlemen his most sincere thanksy for their very va- 
luable corrections. 
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THE Royal Academy of Sciences haviog 
honored me with so distinguished a mark of its con- 
fidence, as to appoint me its President during th^ 
last six months, I have only to regret, that, irnac- 
customed to such an office, I should not have 
been able to do that justice to its choice, which 
I have ardently wished ; but I have always , 
flattered myself with the hope, that the Academy^ 
aware of my good intentions, would overlook 
what was wanting* in my abilities ; and that hope 
has not deceived me. On giving up this dav the 
situation, which I have held, to a Gentleman^ 
who, by his age, experience, smd learning, ii so 

f W. af Hitiiifw; 



much worthier than myself of that distinction 
aitnongst you, I shall avail myself of the* present 
opportunity to occupy the attention of the Aca- 
demy with some historical remarks on a Science, 
in which, by much labour and attention, I have 
acquired some information and experience, viz. 
the Chemistry of the Animal Body ; and I will 
shortly relate the progress which it has made 
during these latter years. The facts which have 
been ascertained in this science are interesting, 
and the knowledge of them useful to every one ; 
although the science, in its detail, can only be 
followed up by such as make this branch of 
Chemistry their peculiar study. 

I shall not detain you with the history of 
Animal Chemistry from remoter times j since the 
relation of the mistakes of our Forefathers, and 
the slow progress which every science ha^vinade, 
interesting as it may be in the historjr of man^ is 
of little or no ♦ consequence in examining the. 
present state of any particular science. 

• r ■ ■ 

Oar forefathers began very early to explain 
the phenomena of living nature, from observations 
made Upon inanimate matter: this gave rise to 
particular Sects in inedioine, which then, as now, 



were doomed to see their theories overturned 
by experience. The very intricate composition 
of animal matter, and the innumerable produc* 
tions which, in various ways, may be obtained 
from it, made it almost impossible, in the infancy 
of chemical knowledge, to produce any accurate 
analysis of it. It was not till after the discoveries 
of a BliACK, and the lucid explanation of such 
phenomena, as before his time were either 
unknown or misunderstood. — ^It was not till 
after the reiterated and solid experiments, of 
ScHEEiiE, and of PRLESTiiEY, and the establish- 
ment of the new theory, which Lavoisier, as- 
sisted by the labours of these predecessors, had 
given to chemical science, that it was possible 
to begin the examination of the interior oeconomy 
of the animal body with any hope of success. 
The facts, discovered by Black and Lavoisier, 
were now applied to Animal Chemistry, some- 
times, it is true, with good effect, but often with 
greater confidence in the general application of 
the new doctrine, than experience afterwards 
sanctioned. In this manner, the first scattered 
Works were produced on this subject, the ag- 
gregate information of which, constituted the 
still new and infant Science of Animal Che- 
mistry, 
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The constituent parts of the animal body are 
altogether th^ same as those fomid in mi orga- 
nised matter, and they return to their original 
unorganic state by degrees, partly during the 
progress of iife, partly when the body, after death, 
undergoes its final change. And independently 
of this, there exist processes between the imor- 
ganic constituent, or elementary particles within 
the animal body, which have sometimes not the 
least resemblance to those we i^ee in unorganij^ed 
matter. We may consider the whole a];iima,l 
Body as an instrument, which, from the nourish- 
ment it receives, collects materials for continual 
chemical processes, and of which the chief object 
is its own support. But, with all the knowledge 
we possess of the fonns of the body, considei'ed 
as an instrunient, and of the mixture and mutual 
bearings of the rudiments to one another, yet the 
cause of most of the phenomena within the Ani-* 
mal Body lies so deeply hidden from our view, 
that it certainly will never be found. We cajil 
this hidden cause vital po^verj and like many 
others, who before us have in vain directed their 

- • - 

deluded attention to this point, we make use of 
a word to which we can affix no idea. This 
power to live belongs not to the constituent parts 
of our bodies, nor does it belong to them as ajf, 



nsTutneni, tielthlBr is it a simple power; but the 
result of the iriutUal oi>eration of the instraments 
and radimenti^ on otle Jlnothcr — a result, which 
varies ds the operations vary, and which often, 
from small chansres and obstructions, ceases alto- 
getlier. When our elemientary books inform us, 
that the vital powlel' in one place produces froUi 
-the blood the fibres of the UiU^cle ; in another, a 
bone ; in a third, the medulla of th^ brain j and 
ill another again, certain hiimours, which are des- 
tined to be carried of; we know after this eXpla- 
natioU as little as we knew before. 

This unknown cause of the phenomena of life 
is principally lodged in a certain part of the Ani- 
mal Body, viz. ill the nervous system, the very 
opersttion of which it constitutes. The braiii and 
the nerves deterihihe altogether the chemical 
processes which ticcxii within the body : and al- 
though it caimot be denied that the exercise of 
ih^ir forictf oAS iehAi to produce chemical effects j 
y^t tfre die corisiraiheS^ fdcoiifess,; that -the che- 
tAical dpefationii thei'em are so far beyond our 
reUch, that they entirely escape all oiir observa- 
tiohsl Oiir deepest cKeihical researches, and the 
finest aiscoveries oi later times, give lis no in- 
fbimaiion ou ilus i^bjecf Noffimg of wlbtt Che« 
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mistry has taught us hithertOi has the smallest 
analogy to the operation of the nervous system, 
or affords us the least hint toward a knowledge of 
its occult nature. And the chain of our experi- 
ence must always end in something inconceiv- 
s^ble ; unfortunately, this inconceivable something 
acts the principal part in Animal Chemistry, and 
enters so into every process — even the most mi- 
nute, that the highest knowledge which we can 
attain, is the knowledge of the nature of the pro- 
ductions, whilst we for ever are excluded from 
the possibility of explaining how they are proi- 
duced. Permit me here to shew by an example 
the embarrassment of the student of Animal Che-^ 
mistry on aU occasions, when the inconceivably 
nervous system exercises its operations: It is 
well known that blood, which is always formed 
from the food of the animal, is the raw material 
out of which the body recruits and re-produces its 
parts ; and th^,t this blood, which is every where 
of the same nature, is conveyed through the ar- 
teries to the different parts of the body. From 
this blood the kidneys form urine ; the glands near 
the ear and under the tongue, saliva; those in the 
breasts of women, rmlki apd so forth : all whicl^ 
are humours oi the most different nature. The 
moj^ acute, anatomicsil mvestigation has proy^d| 



beyond all doubt, that the vessels in these parts, 
while they extend themselves, proceed in an uu- 
inteniipted course, without communicating with 
any others — that no foreign humours which could 
affect the blood, have access to them ; and that 
consequently the blood is not exposed to the in- 
fluence of any mixed chemical agency. But what 
is it that here efiects the chemical process, which, 
from the very same particles of the blood, forms 
those of saliva, milk, and urine? It cannot be 
form and flexure of the vessels, since that can 
only cause a greater or less delay ; and that this 
alone cannot determine the formation of the se- 
creted matter, common Chemistry will shew. 
Consequently, there remains only the influence 
of the nerves, wliich enter into these parts, and 
which determine as well the nature of the se- 
creted matter as its quantity ; but until our ex- 
periments on unorganised matter shall have fur- 
nished us with a chemical phenomenon, which 
has any analogy with the operations of the nerves 
on these occasions, we shall never be able to dis- 
cover the laws of those operations, nor explain 
the intimate nature of these processes. And if the 
knowledge of the transformation of the blood 
into other humours, which knowledge does in 
itself bei^r an analogy to chemical phenomena 
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in general, is so deeply hidden from our view, 
how shall we attempt to explain the renewal of 
the solid animal parts, whereby the body is sup-, 
ported during the constant exchange of its ele- 
ments ? But still more astonishing are the opera-, 
tions of the brain. Howamazing, that our thought, 
even in its sublimest flight, and when it pene-» 
trates the most hidden recesses of nature, should 
depend on a previous chemical process, which, if 
in the least disturbed as to its correctness, would 
distract this very thought, change it into mad- 
ness, or make it cease altogether ; and yet this is 
an incontrovertible truth. But is it not probable, 
that human understanding, which is capable of so 
much cultivation, which has calculated the laws 
of motion for distant worlds, and explored in so 
many instances the beauty and wonders of sur-t 
rounding nature, and even attained a degree of 
perfection, the summit of which is concentrated in 
Gob, may one day explore itself and its nature? 
I am convinced it will not. 

To give an account of all the s^ttempts which 
have been made to explain on this head, what 
we nevertheless are as ig^orai^t of as before, would, 
be to write a lopg and useless bookj for we 
have seen nothing but mere speculatioD| witiv* 



out the least experience for its foundationi and 
without explaining satisfactorily a single pheno« 
menon. 

One conjecture however deserves our nplice, 
aince it is deduced from experience in unorga* 
nised bodies, and might therefore, after previous 
examination, have been approved or rejected^ viz. 
that the nerves were instruments for an electric 
process, which determined as well the movement 
of the body, as the nature of the secretions and 
re-production of pai1»« The power of electrici^ 
to produce a quick contraction of the musdei^ 
gave occasion to compare it to the operation of 
the will ; and the conclusion drawn from it was^ 
that the latter was nothing else than an electric 
discharge between the nerve and the muscular 
fibres. Galyani, the discoverer of that modifi* 
cation of electricity, which now bears his nams^ 
has more than any other defended this doctriae; 
but although he has not wanted followers, the in^ 
efficiency of his hypothesis is now pretty generaUj 
ftcknowledged. Thomas BuNzcicr^ a Dane, laid 
bare the crural nerve of a frogi and endeavoure4 
to cut it obliquely in such a miumer that the man 
dulla could be placed in immediate contact wki| 
9l part of ^ muscle, ne then form^ a pile of fi^oiii 



10 

ten to twelve prepared frogs, in the following 
)nanner : nerve, muscle, a sponge dipped into a 
Solution of muriate of ammonia, nerve, muscle, 
&c. and obtained from this pile distinct signs of 
galvanic action. By this he wished to prove, that 
nerves and muscles may act as electromotors. 
But it is difficult to determine what value such 
experiments can have in reference to the subject 
in question; for it is more than probable, that 
electricity may be^produced here, and act on the 
expiring life, without its proving that the action 
of the nervous system of the living animal bore 
the least analogy to the experiment. Lately, 
EvEKARD Home has tried to explain the ani- 
mal secretions, from the changes which the dis- 
charge of the electric pile produces on liquids ; 
but, if on the one hand, it be found by future ex- 
periments, that electricity identifies itself with 
chemical affinity, and consequently a change of 
composition is not to be expected without the co- 
operation of electricity j yet, on the other hand, 
the effect of the pile, both on animal and unorga- 
nic liquids, has nothing at all analogous with the 
secretions; and by applying this chemical agent 
to explain the subject, we gain not the least in-% 
formation* 



11 

Among those, who have laboured in vain on 
tliis field, I ought also to mention the well-knowa 
German author, Rbil. He supposes, that in the 
nerves there is a matter, analogous to galvanism, 
which through a kind of electric atmosphere, ope- 
rates at a small distance, and thereby he has re- 
vived the idea of an aurea nervea. The manner 
in which he explains his hypothesis, and the ar- 
guments he introduces in support of it, constitute 
an entertauiing essay, but d^es not increase the 
loim of our real information* 

It is fruitless to expect to obtain any informmi* 
tion on this subject, by any chemical analysis at 
the matter of the nerves and the brain. Our exr 
periments convince us sufSiciently, that the ope- 
ration of the nervous system is not performed by 
a mutual decomposition of its medulla, and the 
part on which it operates ; for, by tying up any 
small but essential nerve, we have found, that 
the greatest disorders have arisen in the ceconomy 
of the animal, and continued as long as the liga- 
ture remained, although the nerve below the pait 
tied always retained the same quantity of nervous 
substance as before. Again, if the ligature is 
loosened, and the continuity of the medidla re^ 
stored, the disorders will cease. And why is this 
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i^bMi&tiitj^ §6 hecessary in a channel, the contents 
b( WhitJh iilwitys remain on the same spot ? It is 
^\e^f thftt this itidiciates ati effect by means of 
tt^ttj^ission, like thdt of electricity ; although,. 
t^hat ifr^ hitherto kiiow about electricity, cannot 
ligre be lip()lied itx eKpknation. 

Iti this state of dtit informfttiott, I consider it 
ta iio sfifiall ihefit in a lover of the sciencfe, if 
he distinctly Idyjsi flpen Trhat is really known, and 
determines with equdl distinctness, What is yet 
mdoiown to us, without filling up the chasm with 
^imjecture. Problematical tenets, they say^ are 
Coi^diK3tol^s to truth; and I do iiot altogether 
deiiy if, when they are proposed for eicaminatioti 
fey themselves ; but when itt the accctmulatioti of 
96ientiflc knowledge^ they are mixed with the 
Aluw o( fadts^ they often lead even the intelligent 
tiader astray, who afterwards csUuidt^ witiidut k- 
himr atid appHci^tioA, get rid of the illusion. Ani^ 
msil Ch^istry is fAore ersiposed M this itk%^ia6x^ 
tore of hyf>odiei^i<» thgtn my othey scieftcei j partly 
b#0aiMi^ mueh reniai^ i^ill t6 b^ explored, aM 
jltt^y hecU,tm therli is still Indft^j i^th ^^Hatn^ 
iketm tm h^ dts€<>V^^. It tfiiglf iiid^ed B« 

f^sdbl^y by ii]^ptyiiY^ f^ tM§ §6ieiid« tb« mm^ 
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nervous system and the intimate natpre of its ope^ 
rations, to compose a wholes which should have ^ 
truly scientific appearance ; but alij that, 'w laitev 
times has be^n tried this way, fronpi "what h^^ be^ 
called a higher philosophical point oi^ view, h^ 
only done honour to the imagiua,tioa of the au^v 
thor, without bringing the hiunan understaadh^g 
a hair's-breadth nearer the truth. 

Those of our contemporairies, who hs^ve sub^ 

jected parts of the nervous system to chemical 

experiments, aie Thouret, Foublcroy, Joj^- 

PAN, and in some respects, eveu Bic](IAT. Tha 

former have given us analyses of the matter of tl^ 

brain, which^ considering the time when they wera 

published, are of real merit : they constitute aU 

that Animal Chemistry can yet shew x'elative to thi^ 

noble organ ; but in the present state of the ana* 

lytical part of the science, they need to be revised 

and corrected. Biciiat has examined the mea^- 

brane of the nerves (the neurilema). He was, 

properly speakiug, not a Chemist j but in order to 

improve his physiological works, he tried on most 

parts of the animal body the effect of general che-^ 

mical agencies, such as that of air, water, alkalies,, 

and mineral acids ; and the experiments thus mad% 

ma th^ "neurilema" aye all that we know of it 
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m a chemical sense, ^he discovery of the pos- 
sibility of dissolving, by means of caustic alkali, the 
medullary part of the nerve, so that its membrane 
ihould remain as a hollow tube, has afforded a 
good opportunity for separating the membrane, 
and has given us some information concerning the 
nature of the channel which the neurilema forms. 

Next to the nervous system, the principal part 
in the animal body is acted by the blood and the 
vessels by which it is circulated. The extremi* 
ties of these vessels are interwoven with the last 
ramifications of the nerves, and perform in this 
union, at the expence of the blood, all the pro- 
cesses of the animal body. The attention of 
Chemists was very early directed to the blood ; 
and its different properties in certain diseases, in- 
duced them to make several experiments with it. 
Hauss tried to determine the quantity of air 
which is disenffasred in the distillation of the blood. 
liEMERY and Mexghini burnt it to ashes, 
found iron amongst its constituent parts^ which 
th^ latter even believed himself able to extract 
from dry blood with the magnet. Hoffman 
examined the different matters which are sepa- 
rated in the coagulation of blood. Langrish, 
Chbyne, and Schwenke, published for their 
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time, tolerably explicit analyses of the Mood. 
Gaubius surpassed them all in accoracy.^-— « 
RoiiEiXE, the yomiger, determined pretty dis- 
tinctly the salts which are contained in it. Hew- 
SON described with precision several of the quali- 
ties of the blood. BucauET examined the c<m- 
^ituent parts of the cruor : and lastly, we hare 
from Deteux and Parmentier, in answer to 
a prize-qaestion from the Medical Society at 
Paris, an explicit analysis of the blood, as well 
in its healthy state, as in certain diseases. Four* 
CROT and YAuauEUN added, some years after- 
wards, an investigation of the colouring matter of 
the blood ; but all that we have gained, ^ince the 
excellent work of Deyeitx and Parmextier 
was published, has almost only been the clearing 
away of some errors, without much positive addi- 
tional information. I have also attempted to g^ve 
a detailed analysis of the whole mass of the blood; 
and, assisted as I have been by the improved state 
of Chemistry in later times, I may perhaps have 
succeeded somewhat better than most of my pre- 
decessors, in tracing the constituent parts of the 
blood, even such as were unknown to them ; and 
also in determining in a more decided manner the 
characters of those tliat were known ; so that in 
any fiiture analysis of other humours or parts of 



th^ wimal body» they may be aseertained by their 
chemical properties, Thm, for instance^ I havo 
diewn that th^ fibrin of the colouring matter 
and the q^lbuineii may be combined with mineral 
acids in e^eess^ and form peculiar and insoluble 
comppundSiL but that when the superfluous acid is 
washed ^way, they are soluble in water — that theses 
iffiatters are easily dissolved in acetic and in phos-> 
phoric acidsy and that these acids prevent the co- 
agulation of the bloody by heatr^that the fibrin^ 
hy^ being boiled with water, disssolves in a small 
degree, and that the rest shrinks together, ai«l is 
insoluble in acetic acid— that they all thi*ee, by 
tlie influence of alcohol and aether, are changed 
to a certain ikgree, into peculiar kinds of fat, 
which, according to the menstruum, have difler- 
ent pungent smells, and other diffef ences. The 
ingredients hitherto unknown, which I have 
found in the blood, are alkaline lactate of pot- 
ashy and some peculiar animal matters, which in 
all the humours of the body are found to accom- 
pany the lactate; and which, in my opiniim, 
owe theu' existence in the blood to the ab- 
sorption of those decayed parts of the body, 
which are destined to be separated by mesuas of 
secretion. I have also succeeded in correcting 
several mistakes of my predecessors. It was be- 
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lieved from De Hask'i^ statement, that Hood 
contamed glue, of that kind which is produced 
when bones or cartilages are boiled with wnter ; 
but J have proved diat glue is not found within 
the animal body, and that Dfi Hai::n, wd fdl * 
after him, have considered ^ glue, the albwnen, 
in a half coagulated state. Amopg the imme' 
diate constituent parts of the blop^- s$iine Authors 
have even counted sulf^ur, because btood, when 
evaporated in silver vessels, bJ[4(j^QiiSiitiie ^ver. 
This conclusion, however, is iB^oqfvefitf Ibecaase the 
sulphur has belonged, as a con^rti^nt pact, to the 
albumen, and has been disengsaged throngh the 
combined destructive ^ect of boiling, and ^ the 
caustic alkali, on the albumen. Duvii^xjx arid 
pARifENTiEA believed th^ the ced. colom%f 
the blood was a solution of iron in the (free attuli 
of the blood. Fouacbot and YAxrauxuucN^^M- 
deavoiired to prove, that it was a scdt^cm of red 
subphoi^hate of ^ron^ in albumen. They foimd 
that a&ui]|pien, or.s^runiy which was triturated wifh 
this subphosphate before it was dry, dissolved ft, 
and assumed itself a red colour, and that this red 
colom- was stiU mor^ heightened by caustic alkali. 
According to th^e experintkents, the colouring of 
the chyle in th0 air consisted in the change of t^e 
phosp)|9^ of iron, frcon a neutral phosphate of the 
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th^ protoxide, to a subphospliate of tlie peroxide. 
With the greatest diffidence of myself, I have re- 
peatedly tried the experiments of those Chemists, 
the most celebrated of all Em-ope : and by finding 
my results invariably disagree tvith theirs, I have 
been compelled to consider their statement as a 
mistake, and to declare, that, in regard to the 
; manner in which iron is united to the colouring 
matter of {he blood, we know as little now, as 
when irim ^<^ first discovered in it. I have en- 
deavoured lo shew, that the colouring matter, 
much as it resembles albumen, cannot itself be 
albumen; and that as Leeuwtenhoek and 
Hartsoeker proved long ago, by microscopical 
Iji^bservatrtfns, it is not dissolved in the blood, bUt 
?.ifioat6 in ibin a suspended state ; for if the coagu- 
; lotted cruor is triturated in. serum, part of the co- 
. louring matter is thereby separated, and the se- 
rum assumes a red colour ; but if it is suffered 
to settle in a cylindrical glass, the colouring 
matter slowly precipitates itself t^-^e bottom, 
and the senmi above becomes clear, as before. 

I have proved, that metallic oxides, particu- 

larly those of iron, may, in a certain degree, be 

; dissolved by the setum, and thereby, more or less, 

change its colour 3 but that none of them imparts 
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to it the colour of blood, and that the serum, tfiui 
impregnated with iron, is entirely destitute of the 
intrinsic characters of the colouring matter. As 
none of our most delicate tests of iron discover 
its presence in the colouring matter, I thought 
myself entitled to conclude, that iron cannot 
be found in it in a saline form ; and, as we find 
it impossible, even with the strongest acids, to 
-extract from the blood, or from its charcoal, 
either the iron or the earthy phosphate, which are 
so abundantly contained in the ashes of bloody 
it follows of coarse, that neither of these sulv- 
stances exists there in the state of a salt ; from 
which it is very probable, that blood contains the 
•elements of these salts, united in a manner different 
from their con^ination in the salts. From this 
circumstance, I further concluded, that the sub- 
phosphate, or bone earth, which was supposed to 
be contained in the blood, did really not exist 
there, for I found that it could not be extracted 
from iiried blood with any diluted acid ; on the 
Contrary, that bone earth must always be a pro- 
duction of the decomposition of the inunediate 
constituent parts of the blood, and that it is gene« 
rated just on the very spot where its presence is 
^required. 

^ c 2 



5C^ 

On tike cause of the coagulatiicm of flie Gbrin 
out of the body, many experiments have been 
made. Blood has- been earefuUy kept at tiie 
same temperature^ and exposed to air contaimng 
no oxygen ^as^ atid also in an exhausted receiver^ 
Blood has been frozen rs^idly, and again thawed^ 
or mix^d with water ; but, in all these expe- 
^rimentSy it has, sooner or later, coagulated. The 
cause of this coagulation remains entirely un- 
known to us; and a conjecture has been made, 
that it is only its motion in the \^ssels which pre- 
vents it. Some Experimenters^ have ascribed tor 
the fibrin a vital irritability, in consequence of 
llie tremulous motion perceivable in small drops 
0f blood,, when exposed to the e£Sect of the elec- 
tric column ; but this idea was proved by Hjsid- 
•MAN to be completely erroneous,i and he shewed 
<that the motion proceeded from the shrinking of 
the fibrin itself, when suddeidy coagulated. The 
eh^emical examination of the fibrinK.the colour-- 
ing matter, and the albumen, has discovered tiiat 
4hese three substances very nearly resemble one 
^another in chemical properties ; their composition; 
•must therefore be nearly similar, and they are 
4;apable either of being changed^ by means* of 
small alterations within the living animal, thr 
•ne into the other, or of being employed to 
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predttce the same substances in the excretions^ 
or ill the re-production of solid parts, instead of 
those which are decay ed, or worn out. 

On accurately comparing human blood wit(i 
that of a bullock, I have found an astonishing 
resemblance between the two* — The same spe- 
cific constituent parts in both, the same propor- 
tions, and nearly the same chemical characters^ 
make it easy to explain the successful results of 
several experiments that have been made, to 
transfuse the blood of herbivorous animals inta 
human bodies, from which the Uood had beeu 
drawn at the time. I observed, however, a re- 
tnarkable difference in certain ch^acters of the 
constituents of the blood in man, from what I 
found in that of Ihe bullocks The fibrin, as weH 
as the ccdouring matter, and the albumen^ from 
human Mood, after they are dried, are mudi 
more easily burnt to ashes ; and the cdiarred hu- 
mian blood requires neither so rtrong^ nor so pro-* 
tracted a heat, to be entirely reduced^ to ashes, 
AS that of the buUodc. This difference in the fa- 
cility of burning, indicates clearly a greater pro- 
portion of nitrogene in the constituent parts of the 
bullock's blood, which is still more clearly proved 
by the circumstance, that the diarcoal of the 
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blood of the bullock, when burnt slowly, con- 
stantly gives off carbonat of ammonia, although 
it has been heated in an opeii vessel, and freely 
exposed to the air. This indication of a greater 
quantity of nitrogene in the constituent parts of 
the bodies of herbivorous animals, than in those 
of the human body, is the more unexpected, as 
the food of maui in general, contains more nitro- 
gene ; whereasi, on the contrary, nitrogene, which 
has hitherto been considered as an elementary 
body, is found but in small proportions in those 
vegetables, which constitute the food of the bul- 
lock. Our information on this subject will pro- 
bably be considerably increased, by an examina- 
tion of the so much contested nature of nitro^ 
gene. 

The blood separates itself at the finest ramifi- 
cations of the arteries, into a coloured portion, 
which returns the suspended particles of the co- 
loiu*ing matter through the veins, and a colour^ 
less portion, which penetrates the. finest ramifi- 
cations. These ultimate ramifications of the ar- 
teries, we call, after Bichat, capillary vessels. 
The colouring matter changes, on this occasion^, 
its colour, and turns dark brown, or blackish ; 
but it is entirely unknown to us what influence 
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this changing of colour may produce on the co- 
lourless Quid, which is conveyed by the capillary 
vessels. As the colouring matter is not dissolved^ 
but only mechanically mixed with the blood, we 
may consider the separation of the arterial blood 
into coloured and uncoloured, as a process of fil- 
tration, which only admits the colouring matter 
to penetrate uUo the veins, while, cmiitibe other 
hand, the serum alone is forced into the finest 
channels* r:; 

It ^would be of the greatest importance to Ani- 
mal Chemistry, to examine the serum, in the 
state in which it penetrates the capillary vessels ; 
but I cannot conceive how it would be possible 
to collect it, even in a very small quantity. It 
is probable, that this humour is the common se- 
nmi, M hich also contains dissolved fibrin ; snd if 
this supposition be correct, it fbUows, that the 
fibrin within the vessels must also be dissolved in 
the serum, and not belong to the suspended co- 
louring matter. Such I have always considered 
the composition of the blood ; but, except the 
confirmation we receive, by examining the humour 

of the absorbing vessels, I have not been able to 
discover any experiment to confirm, or refute, 

this supposition. 
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, The blood vessels have, as yet, been but little 
examined as to their chemical properties; and, 
"Vith the exception of Bichat's experiment of 
macerating their various membranes, we have 
no investigation on the subject. The fibrous 
membrane of the arteries, which, unquestionably, 
is the most remarkable of all, has long been 
consideibii^ as composed of annular muscles. 
This wtk the opinion of HaLIjEr, and on this 
supposition he has founded his theory of the pulse , 
which to this day is adopted in all our elementary 
books* John Hunter disapproved Haller's 
id^a of the muscular action of the arteries, as 
being the cause of their pulsation, Bichat tried 
to irritate the arteries of living' animals, with 
tsiuch chemical and mechanical stimuli as affect 
the muscular fibre, but without being able to ex- 
cite the least perceptible change in their motion ; 
aiid he declared, in cofnsequence of these experi- 
m^Ms, that thfe pulsation originated only in that 
of the heart ; that it did not consist in dilatation, 
but was only a motion from its foimer place, or, 
as he himself cdlled it^ a locomotion. The che-« 
mical exatninatibn of the fibrous membrane of 
the arteries, tiow became of peculiar consecjuetice, 
as the only possible means to decide hdw fal* the 
fibre of the artery was of the same nature as thtit 
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of the mnscle. I rmdertook this exammation, 
and obtained very satisfactory and decisive re- 
snlt^. In consequence of the experiments thus 
made, it is beyond all doubt, that the fibrous 
membrane of the arteries cannot be a muscle ; for 

while the latter is soft and flaccid, and contains 
more than three-fourths of its weight of water, 
the artery is dry and very elastic ; the muscular 
^bre possesses the same chemical properties as 
the fibrin of the blood; for instance, that of be- 
ing soluble in acetic acid, and of forming scarcely 
soluble compounds with sulphuric, nitric, and 
muriatic acids; but the arterial fibre has altoge- 
ther opposite qualities, viz. that of not being so- 
luble in acetic acid, but pretty easily soluble in 
mineral acids, diluted with water to a certain 
degree, from which solution it cannot be preci- 
pitated by means of alkali, or alkaline prussiats^ 
which are the tests for the acid solution of fibrin, 
&c. Consequently, as the arterial fibre neither 
has the structure of a muscle, nor its chemical 
properties and composition, it cannot be a muscle, 
nor perform the functions of a muscle, which is, 
besides, sufficiently evident from its elasticity. 
This elasticity in the arteries, however, compen- 
sates fully the muscular power. Haixer's de- 
scription of the pulse, is of comr^e correct, not- 
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^ritlistanding his opinion on the cause of the ar- 
terial contraction, has been proved to be incor7 
tect* Bichat's idea, on the contrary, that the 
pulse did not consist in a dilatation of the arteries, 
hut only in a locomotion, occasioned by their nu- 
merous inflections, when the heart presses the 
hIood> cannot but be incorrect, since it is contrary 
to the laws of hydrostatics. 

As chemical analysis has sufficiently proved 
that the fibrous membrane of the arteries is not a 
muscle, and, consequently, cannot exhibit a spon- 
taneous contraction j and, as we clearly perceive 
from its elasticity, that it must be dilated during 
the systole of the heart, and resume its original size 
during the diastole ; it follows, that the quickness 
of the pulse in the same individual, can never vary 
in different parts of the body. All other dispari- 
ties, except this, may be possible. 

Several medical authors have related cases, 
where this unequal velocity is said to have been 
observed ; but we must consider these observa- 
tions as mistakes, after we have seen the impos- 
sibility of the existence of such cases. A deci- 
si on of this long-contested question is of the 
greatest consequence to the Medical Science^ 
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Since it convinces us that spasms cannot exist in 
the greater arteries, and that all the aberrations 
in the circulation of the blood, generally ascribed 
to this cause, altogether relate to the unquestion- 
ably muscular heart, with its auricles, and in 
some degree to the muscular fibres, which sur- 
I'ouud the extremities of the venae cavae. 

I mentioned, that the final ramifications of the 
arteries, on account of their fineness, are called 
capillary vessels. The anatomy of these vessels 
is almost unknown, and the manner in which 
they terminate is a complete secret. It has hi- 
therto been impossible to institute any chemical 
analysis of their integuments, as they cannot be 
separated from those parts with which they are 
interwoven. These vessels, in all probability, have 
a peculiar power slowly to caiTy forwards the 
humours contained in them ; but the mechanism 
of this process will probably long remain a se- 
cret. It is in these vessels that the inexplicable 
processes of secretion and re-production of solids 
is performed by means of the co-operation of the 
nerves. The same nature, which is incompre- 
hensible to us, when extended to immensity, es- 
capes no less our penetration, when contracted 
into too narrow limits. At both these extremis 
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ties a bmindary is set to our experience, which 
succeeding ages may extend, without ever being 
able to comprehend the whole. 

The process, which in respiration changes the 
dark venous blood into crinison coloured blood, 
was first examined by Cigna, and not without 
success ; and after our great Scheeub had taught 
lis the composition of the atmospheric air, and de- 
ttwmstrated as well the necessity of one of its consti- 
tuents for the support of life, as the insufficiency of 
the other, the change of the air in the lungs was 
explained by Lavoisier, Me]s zies, and Good- 
WYN, in a very satisfactoiy manner. They found, 
that oxygen gas was consumed, and that its place 
was filled up by carbonic acid gas ; as also, that 
the expired air contained a very considerable 
quantity of aqueous vapour. From this circum- 
stance, Lavoisier concluded, that the dark ve- 
nous blood contained a combination of carbon 
and hydrogene, which imparted to it the dark 
liolour ; and which, when exposed to air, became 
oxygenized, and formed carbonic acid and water^ 
whereby part of the water, which accompanies 
the expired air, was produced ; while the other 
part evaporated from the humid membrane of 



the lungs* He endeavoured to state the qoaa* 
titles of these productions ; but the numbers be 
has given us exceed, in some deg^'ee, the due me- 
clium, because, in his days, the quantity of oxy- 
gene in the air was taken to be greater than it 
really is, by which means his eudiometric expe- 
riments could not be sufficiently accurate. He 
found further, that no nitrogene was absorbed by 
the blood. 

Experiments ware now made with other kind» 
of air, besides the atmospheric > and among the 
many, who have laboured in this field. Dr. Bsi>r 
DOES has particularly distinguished Iiimself. He 
tried to cure certain diseases, by means of inha* 
lation, and gave us several instances of apparently 
successful results. However, a multiplied expert* 
ence has shewn, that less has been gained from 
these inhalations than was originally believed. 
As a concomitant result from these experiments it 
was found, that hydrogene, as well as nitrogene^ 
might be inhaled without any deleterious effect in 
the beginning ; and tliat the respiration of hydro^ 
gene gas produced a cheering effect, somewhat 
like that of spirituous liquors. It a% as, however, 
requisite that both these gases should be in a pure 
state. All other kinds of gases were found to be 
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noxious, and even destructive. BeddoeS em- 
ployed in his experiments Humphry DA\^', a 
young man of promising genius, \i ho has since far 
surpassed his instructor in celebrity and merit. Da- 
vy discovered the intoxicating power of the nitrou'< 
oxyd gas, and shewed, that it was absorbed, during 
respiration, by the blood, to which it imparts a 
purple colour, and extricates from it part of the 
gases it had formerly absorbed. He afterwards 
extended his experiments to respiration in atmos- 
pheiic air ; and it appeared to him, that the blood 
actually absorbed part of the nitrogene in the air, 
80 that about three or four cubic inches were ab- 
sorbed every minute. Henderson and Pfaff 
repeated his experiments with similar results ; a 
mistake, however, has since been discovered in 
these experiments, in consequence of not being ac- 
quainted with the laws, which regulate the mix- 
ture of gases with liquids. About this time, how- 
ever, they were discovered by John Dalton, 
an ingenuous natural philosopher, who soon after- 
wards published his experiments. One of these 
rules is, that, when a liquid comes in contact with 
a gas, it absorbs ^ determined proportion of the 
gas ; and if it then comes in contact with another 
gas, it absorbs also a quantity of that, but emits, 
at the same time, a part of what it had absorbed 
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before, till the gas over the liqnidy and the part 
absorbed by it, arrive at a certaiii degree of teqoi- 
librium. As in all these experimentSy the Teiy 
same respired air was constantly inhaled, k iei^ 
lows, that the relative quantity of nitrogene in tba 
air most have been increased, and thereby pr»- 
daced a donble canse of mistakes, partly from the 
gas, remaining in the longs, containing more m- 
trogene ; and partly, from the circomstance, dial 
in proportion as the air in the lungs near the blood 
contained more nitrogene, the blood itself, or ra- 
ther the water in the blood, must absorb a new 
quantity of nitrogene gas, in order to uppo'on- 
mate to perfect saturation with this gas ; just o^ 
on the other hand, the blood, during the re^ra- 
tion of gases, that cxmtain no nitrogene, ma^ con- 
tinually return part of the nitrogene, which it had 
absorbed before, which circumstance experience 
has also fidly confirmed. The cause of diis nfti»- 
take, therefore, did not originate in an incorrect 
or hasty experiment, but was the necessary 
eonsef|uence of the state of the science at the 
time. The experiments on respiration were la-st- 
ly repeated by two English Chemists Ai^ubk 
and Pbpts, on a larger scale, and with a preci- 
^n, which far surpassed all examinations hither- 
to m;ide. In these experiments they had the 
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ters of the Royal Institution in London ; and the 
principal result of them was, that the volume of 
the air, during the respiration, is so inconsidera- 
bly diminished, that the real absorption hardly 
amounts to more than two thirds per cent* of its 
volume. On the other hand they found, that the 
carbonic acid gas, just produced, fills precisely 
the room of the consumed oxygene gas. As it 
was known already, that oxygene gas, during its 
transformation into carbonic acid gas, does not 
alter its volume, and that consequently 100 cubic 
inches of oxygene gas, in which carbon had been 
burnt, produces exactly 100 c. i. of carbonic acid 
gas, it was completely proved by Allen and 
Pjbpys's experiments, that no hydrogene, is oxy- 
dated in the lungs — that the oxygene is consumed 
only by the charcoal — and that, for the rest, the 
blood, according to all appearance, is not oxy- 
dated, but only emits carbon, (or is decar- 
bonized). 

These lihemists could not observe any other 
alterations in the composition of the expired air : 
it had lost no nitrogene, and acquired no other 
aerial substance, than carbonic acid gas. This 
constituted about 8h p. c. of the volume of the 
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air, which was increased to 10 p. d^ 
air was repeatedly respired; but it neVer^xW 
i^eeded this quantity however long the respiration 
of the same air was continued* Again, on those 
occasions, where the respiration was performed 
with some difficulty, more oxygene was absorbed^ 
than carbonic acid gas produced. These Gehtle- 
men had the kindness to send me a copy of their 
essay, inserted in thePhilosophical Transsctions for 
1908; in consequence of which^ I took the Ubert;* 
to propose to them some farther experiments yi<m 
although it was easy to explain the loss of nitro* 
gene g)as in Davt'9 experiments, and ihere was 
consequently no reason to doubt the correctness 
of their observation, that no nitrogene diaappeais 
during respiration, yet I had, for some time 
back, entertained th# idea, that nitrogene might 
^fosSi^ be fiMorbed hy the blood of herbivorous 
animals, whereby their bodies Ijecame provided 
i^th Uie mtrogene, which was wanting in their 
food, and I therefore proposed to Messrs. Ai<ij&k 
imd Pbfts to examine also the respiration of 
lierbivqirous animals, with rei^ect to the idl>soyption 
of dM^ilJtrogene. They executed this experimeM, 
soaddiiteitted'altogeliier unexpected results. They 
made use of guinea pigs, which were placed in-a 
IpasometeFiL and kngpt theire for abomt aoc bMTf 
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^ter which, the air was examined. Wherr using^ 
atmospheric' air, they found the quantity of nitrowr 
gene gas^entfraly undiminished, and the consumed 
oxygeHf gas compensated by carbonic acid gas, 
just as in msm^ They then caused these animals^ 
to respire pure oxy gene gas, in to apparatus, so 
constructed, that the respired gas eoiild be ex-^ 
changed for new^ and that, Jh which the animat 
had respired, be separated for examination.— 
This was found to contain a large proportion of 
Bitrogene gas, which, however, was decreased 
more and more in the succeeding portions. They- 
now mixed 78 parts of pure hydrogene gas with 
22 parts of oxygene gas; and in this artificial 
atmosphere, they confined a guinea pig -for an 
kour, having previously ascertained the volume 
with minute exactness, and the same- resuk was 
again obtawed : the expired ^air was mix<]»d witht 
^Bitrogene gas, ,in a decreasing proportion; buty 
•the. quantity of nitrogene gas, obtained in thilt 
manner, exceeded, in some experiments, the bulk 
of the animal. They founds besides this, that; 
the animals, after the lapse of an hour,< became 
fileepy^. without any perceptible sign of iUnesi^';. 
and that, dming this period, less carbonic acid 
J gas was produced. As in these experiments, more 
ij^ogene gas was exhaled, than , the fluids of ili& 
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animal, at the moment of its introduction into thd 
luixed gas, could possibly contain, in the state of 
absorbed nitrogene gas, it appears, that, after 
the absorbed nitrogene gas was exhaled fronvthe 
blood, according to the above-mentioned law, for 
the combinatimi of mixed gases with liquids, a 

fresh quantity of nitrogene gas was supplied at the 
expence of the constituent parts of the blood, 
which seems to have a constant tendency to pro- 
vide itself with nitrogene gas ; Und this must again 
be exhaled, in order to 4^^!^^ itself between the 
blood and the gas in the lung's. — Should this con- 
jecture be supported by future observations, it 
will, nevertheless, always be looked upon as a 
peculiar and uncommon chemical process, that 
nitrogene gas should be disengaged without any 
particular change in the composition of the blood, 
when we consider, that nitrogene i^ in general 
disengaged only by operations more or less de-' 
structive, such as, for instance, by the effect of 
mineral acids« 

This is ^t present the extent of our informatioil 
kbout the change of the air by respiration. The 
influence- which the air exercises on the blood, ^ 
and tiie changes which afe thelreby produced in 
the composition of the blood, are, as yet un** 
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known. We have only been able to ascertain^ 
that the dark blood turns red ; and we conclude^ 
from the quality of the respired air^ that the dark 
blood'has lost a portion of its carbon ; but whether 
any of the immediate constituent parts of the 
blood have become altered in their qnaJitieSy is a 
subject not yet examined, although it is probable, 
. that, by a* chemical analysis, very interesting re- 
sults might be derived from the comparison be- 
tween venous and arterial blood. It has been ge- 
nerally believed, that every part of the blood i» 
influenced by the air ; — that it absorbs oxygene, 
and exhales carbonic acid gas ; but this is not the 
case. Blood, in which the colouring matter is 
still contained, absorbs oxygene gas very quickly^ 
when out of the body and shaken in atmospheric 
air; it also retains at the sanne thne some part of 
tJie cnrhomc acid, thereby produced ; on the other 
h^nd, serum, when destitute of colouring matter, 
does not change tlie atmospheric air before it be- 
gins to putrify.^ 

The principal effect on the air is produced by 
the 'colouring matter, and aj^ this matter does not* 
penetrate any of the re-producing, and but few 
of the secreting capillary vessels, it appears as if 
the principal object «f the c^louring^ matter^ were 



87 

the production of animal heat. Crawfobb sta» 
ted, in consequence of his experiments, that arte- 
rial blood was possessed of a greater specific hest 
than the venoas, in the proportion of 115 to 100. 
Taking this statement for granted^ it follows, 
thatrrhen the renous blood turns re<1 in the longs, 
it must be cooled about 5 degrees, in case it be 
not heated by the very process which renders it 
arteriaL The ideas, about the distribution of 
ieat, through the body^ were at first very vague^ 
'and the lunofs were considered as a stove, in 
which the heat was disengaged, and afterwards 
carried with the blood to all parts of the body. 
According to Crawford's idea, it seems as 
if thef* arterial blood, in order to maintain the 
same temperature, as when venous, did exactly 
want that quantity of heat, vhicli is engaged from 
the air, by the oxygene gas being changed into 
carbonic acid gas; and when the arterial blood 
again becomes venous in every part of the body, 
the retained heat becomes disengaged, and restores 
what has been lost by means of transpiration, 
and by .the access of the ambient air, whereby 
the body always preserves the same d^^ee of 
heat. If the colouring matter is the principal 
cause of this, it is easy to perceive, wherefore 
the body, after abundant losses of blood, is more 
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cold ; and wherefore bleeding, even in asthenic 
fevers, lessens the violence pf the diseas^e. O^ 
these occasions, the effect cannot be owipg to th^ 
diminished bull^ of the liumours alone, sinc^ tl\e 
former diameter of the vessels is sooi^ restored by 
the absorption of new fluids, from the alimentary 
canal; but the diminution of the colouring matter 
of the- blood, and the production of heat, which 
depends on it, must also have a considerable share 
in it. Practitioners in physic will, no doubt, re-» 
collect circumstances in the course of their expe^* 
rience, which will give still greater probability 
to this idea. 

By ascertaining the quantity of carbonic aci^l, 
which is daily formed by respiration, we ms^y 
pretty nearly determine the quantity of heat, 
which is necessary for piaiB^taining the equable 
temperature of the body. A?#lbn and Pepys 
found, that a middle-sized person expires in ^4 
hours, 39,534 cubic inches of carbonic acid gas, 
which, when weighed, makes 19,683 grains, or 39 
ounces of carbonic acid, Thej;e contain H ounces 
1 dram of carbon ; from which it follows, that a 
middle*-sized person wants, within 24 houi*s, as 
much heat for keeping the body at + 32 ° * as; 

• The Author uses the centigrade thermometer^ 
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u pouad of charcoal would disengage during* itw 
combustion. It ought also to be observed, that 
tlie caj-bon in the blood, as being in a liqipd state> 
may possibly produce jnore heat from its combos^ 
tion, than when ia its solid state, AH these cdl- 
culations, however, have so little claim to be re- 
garded as exact, that they are made rather with 
a view to apprx)ximate to the truth, than to be 
relied upon as accurate. For my part, I must 
confess, that if the observations of Allen and 
Pepys be correct, it will be very difficult to cooa^ 
ceive how the body' can x^cmipensate the exteaor** 
dinai*y consumption of carbon, which, besides 
what is separated in other places, presupposes at 
least from 8 to 10 pounds weight of food withim 
the day, which is more, by far, than any person • 
g^enerally <^onsiuues* 

Although the changes, which the blood, during 
respiration, undergoes in the lungs, according to 
all appearance, resemble those, which are pro- 
duced in the blood by the air out of the body ; an 
influence, in this process, has also been aiscribed 
to the nervous, system, without which, it could 
not take place. Dupuytren, in an expen- 
^ment on horses and dogs, divided the eighth 
pair gf nerves, near the ^soph^^gus, and ob- 
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WBBtveAf that tbe animal, though respiration was 
iSomplete^ died within a short time for want of 
Q!2ddation. If an artery was opened, and the 
Berve afterwards divided on one side, the hlood, 
^hich issued from the artery, assumed for'a few 
Hioments |t darker colour, hut was again reddened^ 
If the nerve was divided on both sides, the blood 
which flowed from the artery became venous, and 
the animal died, the fire epidei*mis on the inte- 
rior side of the nose and mouth becomino^ black- 
tmed* • Again, if instead of this, he only com^ 
presii^ the nerves, the arterial blood became 
^dii:, and continued in that state as long as the 
compression lasted, but assumed again a crimson 
>€olqur as soon as the compression ceased. These 
experiments prove, in a decided manner, the in-, 
fluence of the nerves upon the change of the 
blood in the lungs, if they were but correctly per- 
formed and related. In the mean time, it is well 
known that Baguvi and Bichat have made 
similar experiments, and drawn from them quite 
different results. Besides this, one of Dupinr- 
TRSN^js countrymen, Ducrotay de Bi-ain- 
viLiiE, has repeated his experiments, and found 
that tlie animal indeed, dies sometime after the 
eighth pair of the nerves have been divided, bat 
from quit$ another cause than the ces8atio^ of 
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the change in the blood during respiration. -ThSs 
was afterwards still further examined by Em- 
3IERT, with all the accuracy we could wish in 
a skilful experinienter, and he has satisfactorily 
proved, that the dividing of the* eighth pair of 
nerves has no inunediate influence on the change 
of the blood in the lungs, but that it affects the 
respiration, which, by degrees, becomes more 
and more uneasy ; after which, the blood in the 
arteries begins to become dark, so that, when 
the animal, after several hours, dies, it is found 
to have venous blood in the arteries, because the 
respiration has ceased. 

Of the difference in the blood in different ages, 
and during 'different diseases, we know hardly 
any thing. It has been supposed, that the blood 
of the foetus underwent, in the placenta, a pro- 
cess not unlike that, which takes place in the 
lungs after birth, and that it was returned through 
the veins of the navel-string ; but credible authors 
have asserted, that the eye cannot distinguish be- 
tween the arterial and venous blood of the foetus. 
The chief object of the process in the lungs, is 
the maintaining of the animal heat, but the foetus 
derives its temperature from the surrounding me- 
'dinm, and consequently wants no soorce of heat 
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of it8-own; it would, on the contrary, by sach a -^ 
source, be constantly kept at a much higher tem- 
perature, than the mammalia in general have. 
This circumstance is, of course, decisive against 
the change of the colouring matter in the placenta, 
although we must confess, that the stay of the 
blood there must answer some important purpose. 
FouRCROY lias communicated some observa- 
tions on tlie blood of the foetus; but they seem 
to have been made by chance, and not to be de- 
di]Lced from any experiments. 

The dissimilarity of the blood in certain diseases 
was examined by Deyeux and Parmentier, 
^nd the result of their examination was, that the 
difference from the healthy state was so inconsi- 
derable, that in the state of the science at that 
time, they were hardly tp be ascertained. Du^ 
PUYTREN, TjiENARp and NicoLAS, have made 
experiments with diabetic blood, and prgved, 
that not the smallest portion of the sugar, * wbicb 
is so abundantly found in the urine of those af- 
flicted with diabetes, can be discovered in the 

blood. 

.> 

What I have here stated concerning the blood 
and Tiesp^ration, relates chiefly toman. We have 
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no comparative experiments on the blood of tihici 
brute creation; and of this^ Animal Chemistry 
has taught us nothing* beyond the exteiTial cha^ 
racters, which, in Zoology, constitute a part of 
the distinctions of the different classes of animals. 
On the respiration of birds, and amphibia, no 
experiments have been made. We only know, 
that birds are exceedingly delicate as tg air> * 
and that in the same atmosphere in which a bird 
^ies, a mouse may live without any percqjitible 
inconvenience. On the respiration of fisheS| we 
pre furnished with more experiments. It is cer- 
(iiin, that the ]Qsh pxidates its blood in the gills, 
^t the expence of the pxygene gas, which the 
water cpiitains to the amoui^t of about tU of its 
volume. But this kind qf Respiration is not of so 
}nuch conseqwnce to fish, ^ to the mammalia^ 
fsince fishes may continue ajive for several day* 
in water, which is voi(i of ^air; hn^ they die ^t , 
}^t, if air is not admitted, a;id it pa^not be ob« 
served, that thp least decomposition of the water 
|;ake$ place by their respiration. Fishes have a 
vessel, which is called the air bladder^ and which 
has, though probably not correctly, been cpnsi- 
dered as partaking in the operations of the gills 
on the blood, whereas it seems intepdfs^ to regu- 
^te the specific weight of fish, so that i^ jnay, 
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"without difficulty, rise or sink in the water. In 
fresh water fish, this bladder contains, according 
to Ekman's experiment, nitrogene gas, mixed 
with varying portions of oxygene gas, which is, 
however, never found in it in the same propor- 
tion as in atmospheric air* BiOT found, on the 
contrary, that in salt-water fish it contained oxy- 
gene gas, increasing in proportion as the fish was 
in the habit of living at a greater depth, so that 
in fishes, which were caught in water 1000 me J 
tres deep, the air contained from 5 to ro of oxy- 
gene gas; In the bladder of such fish, the air is 
Ko compressed by the heavy column of water 
above, that when the fish is drawn up, the bladder 
swells and forces tlie stomach through the mouth* 
In one kind of fish, the cohitis fossilis^ Erman 
observed a double respiration. In water, con- 
taining air, the fish breatlied as usual, through 
its gills ; but if the water was deprived of its por- 
tion of oxygene gas, the fish rose above the sur- 
face, drew air through its mouth and swallowed 
it. This air penetrated the intestines, the blood 
vessels of which were reddened, and when it had 
lost its portion of oxygene gas, the fish discharged 
■ it by the rectum. 

The rcf^piration of insects was very carefully 



examined by Havbsmas, who foaadf that ther 
absorbed oxygene gas and retamed carbonic 
acid. He even examined the respiration of some 
worms, and perceived, that they also changed 
oxygene gas into carbonic acid. Spallanz ANi 
had observed the same long before, bnt he also 
believed that several of the moUnsca absorbed 
nitrogene gas, # circumstance, which we most 
call in question, till it is confirmed or rejected 
hj further^chemical experiments. 

I have already remarked, that that portion of 
the blood, which goes to the reproduction of tite 
various parts of the body, is void of colouring 
^matter, and penetrates the last fine ramifications 
of the arteries, from whence it cannot afterwards 
be returned, but must exude through the open^ 
ings of the capillary vessels. Just at this point 
those parts are generated, which are to be repro* 
duced, whereupon the remaining part is either 
absorbed by a particular system of vesseh^ which 
from their functions bear the name of absor* 
bents, or discharged by means of secretions and 
^excretiens* These vessels are placed in all parts 
of the body with their absorbing extremities 
open, and take up not only the reminder of the 
jmcokmred blood after the reproduction, but also 
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those partsiy which have been destroyed in exe* 
cuting their ^respective functions, and they con*» 
duct from the intestines the matters prepared 
there for the regeneration of blood, These ves** 
sels, which are so very important^ when we con- 
sider their functions, are extremely small, and for 
that reason very difficult to examine in an ana«^ 
tomical, and still more in a ch^iaic^tl sense ; con^ 
sequently we have no certain knowledge of tlieir 
composition, nor of the mechanical process, 
whereby the humours are conveyed through 
them. Their own humour, the lymph, varying 
in its modifications according to the place, from 
which it has been extracted, is also but little 
known. We have hitherto only a single ana% ^ 
lysis of it, which however, atfords uS considera- 
ble information. It was instituted by Emmert 
and Reus?, an4 the result of it was, that the 
lymgh resembles serum in its appearance, and, 
when observed with a compoimd microscope, in 
perceived to be a complete chemical sohition; 
but it thickens after some time, atid becomes a 
coag^um, which is altogether like the fibrin of 
the blood. This humour consequently containg 
dissolved fibrin, from which we further infer, 
that the serum, which penetrates the reproducing 
capillary vessels, must also contain it^ and that^ 
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if the fibrin is here coagtdated from a complete 
solution, the satme must be the case in the bloods 

It would be of the greatest cotiseqtieticeto ani-^ 
mal chemistry, were we able to make a compa- 
rison between the humour in the capillary vessels 
before the secretion, and the same humour after it 
has been taken tip by the absorbents. There is no 
doubt but that we should find differences accord-, 
ing to the dissimilarity of what has been secreted 
or reproduced. Another circmnstance of great 
momlent, which is wanting in the examination of 
the fluid in the absorbents, is to know the nature 
of the decayed and useless parts, wluch have been 
absorbed by these vessels, and can only be car- 
ried off in that way. The examination of the 
humours in the muscles, and of the urine, gives me 
reason to suppose, that most matters are changed 
into lactic acid, phosphoric acid, and the other 
animal matters, which are soluble in water and 
spirits, and which accompany the lactates in the 
humours of the body, and constitute the syrupy 
extract, which is obtained in their analysis. If 
this be the f^ase, the humours of the absorbents^ 
after the coagulation of the albumen by boil* 
ing and evaporation of the waterj^ must leave 
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m far greater quantity of the synipy extract than 
the serum. That part of the humours of the C^* 
pillary vessels, which is not intended to be 
brought back into the blood, is carried ofTtlu'ough 
those organs called secretory and excretory. Th^ 
fresh humours, which are formed in these organs 
from the constituent part of the blood, are fre- 
quently of the most different character; but, 
in comparing them more accurately with each, 
other, I have found, that they all have their own 
characteristic constituents, among which the 
greater part still retain some of the characters of 
the albumen and the fibrin, from which they ar<^ 
produced. I have given them names according to 
the humours in which they appear, as hilioxis mat- 
teTf lacrymal matter ^ !fc. The humour, in which 
these characteristic constituents are found to be 
dissolved, contains the salts of the blood, and of- 
ten its alkali, in the same quantity as in the blood. 
Some of the secreted humours are equally con- 
centrated with. the blood, as for instance, the bile; 
others again are more aqueous, but none are more, 
concentrated than the blood. The secretions, or 
such humours, as before their discharge are in- 
tended to be uised for some purpose within the 
body, are alkaline ; the excretions, on the other 
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band, or such as are to be dirown off inmiecKately 
are all acid, for instance, nteat^ urime, miUkf a&d 
the free acid which they contain is lactic. 

What I have hitherto remarked, constitotes 
the som of oar knowledge rdative to the two 
systems, on which anhnal Hfe principaDy de* 
pends, yiz. die iierref and Mboii MMeb • Tkroogli* 
these, theodierlmmcbesof thebody-execMethe 
▼arioos op^ratims, for which tiiey are destmed. 
They conseqaaitly e.a^ o«r Botice « to ^ 
manner in which they perfwm their fanctions ; 
oar examinatioDS are thoefore limited to what" 
they perform. 

The internal parts of the body lie dos^ joined 
to each other, leaving only snudl interstices^ filled 
with a peculiar matter^ which, from its strnc- 
tare has obtained the name of cdlalar textore. 
To Ibrm to oiorwlyes some idea of tins matter, 
we may consider it as an intenrening medimn^ 
intended to ptwent any one space frtim beii^ 
empty. This eeUahn- texture cooseqaently ex^^ 
tends itself oyer the whole body, and is met with 
in an its parts^ c^mnecting itself wi A Ihe interior 
parte of weyeai of them, as for instance, with Ae 
mascl^s. bs v amapMin m has been bat imper^ 
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fectly examined, and what we know about it is not 
the fruit of a direct investigation, but a collection 
of accidental observations, and from these we have 
learned, that the cellular texture, when boiled 
slowly, is dissolved by degrees in great mea- 
sure, and that the solution, whilst cooling, co- 
agulates to a jelly and contains glue. Several 
other animal matters have the same property, as 
ibr instance, the cartilage and the shin. These, 
however, have not the same texture, and pro- 
bably not the same-composition, since they can- 
not all be completely dissolved with the same 
ease. This glue does not exist as such in the ani- 
mal matters, but is a product of the boiling. 
The erroneous idea, that glue was found within 
the living body, and was dissolved in ifi^ hu- 
mours, has been suppotted by the experiment 
of ascertaining^ its presence by means of infusion 
of galls; but although many other animal matters 
are precipitated by the tanning principle, y^t the 
precipitate with glue has this distinguishing 
characteristic, that it clogs together into a tough 
elastic mass, which, when dried, becomes hard and 
brittle. Such a precipitate cannot be obtained 
from any animal humours, except from urine, 
after it has previously been boiled some time 
with alkali, whereby the dissolved Animal mat« 
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ters in the urine, through the effect of the alkali 
and boiling, probably approximate more to the 



nature of a glue. 



The cellular texture contains in its small cel- 
lules a particular humour, which, though it has 
not been examined, we may upon good ground 
consider as of the same kind with that, which is 
met with in the cavities of the body, in blisters, 
dropsy, &c. In some places it.contains also ja half- 
fluid fat, the consistency of which may vary in dif- 
ferent parts, but which, as to its chemical pro- 
perties, resembles the fat oils from vegetables. 
In the many different modes of preparation, by 
which this fat is obtained for technical purposes, 
it partly receives foreign mixtures, and partly un- 
dergoes some less perceptible changes of compo- 
sition, whereby it assumes different qualities* 
A right knowledge of these circumstances, al- 
though not very material to Animal Chemistry, 
would, however, be of great consequence in 
procuring better and more useful kinds of fat. 
Among the productions from the distillation of 
fat, an acid foetid water is obtained, which 
Cartheuser considered to be a peculiar acid, 
which, when combined with an oU, constituted 
the £ftt. Segnibr and Knaps also examined 

b2 



S2 

tiiis acid, and VoN Crell wrote an explicit' 
treatise upon it, in which he examined its proper-' 
ties, and gave it the name of sebacic acid. Se-^ 
veral Chemists afterwards proposed new methods^ 
of preparing it. Thenarb shewed at last, that 
atns acid consisted of the acetic and muriatic acids^ . 
together with an empyreumatic oil, of a highly 
offensive smell, which was dissolved in it. Oit 
the other hand, he found in this very oil an acid^ . 
which might be extractfed by boiling it in water, 
and which, durmg the cooling of the traler, pre- 
cipitated itself in smaH light granular crystals, 
which he considered as a peculiar acid aiid called 
it sebacic acid. I have 4nyself since found, in 
the same acid, with the exception of 'a few ex- 
ternal characters, all the properties of benzoic 
acid, and from this I consider Thenarb's seba-^ 
cic acid as benzoic acid, impregnated with the 
residuum of other products of distillatimi, which 
evidently impart a smell, both to the acid and to 
its salts, and which modify their taste. 

When any part of the cellular texture is infla- 
med, that kind of inflammation takes place which 
iHcakleAphlegmonic. When this is suffered to sup-^ 
pnrate, ihe greatest part of that which is inflamed 
changes itself into a peculiaa" hiAnour^ called pus, * 
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i^'hich dissolves the adjacent parts, and at last, 
when its situation allows it, empties itself through 
the skin. Many chemical experiments have been 
made with this pus; the object of which, how- 
ever, has only Wen to learn to distingnish it in 
diseases of the limgs from the expectorated mu- 
cus, that physicians might be able the better to 
judge of the nature of the disease; but, notwith- 
standing all these experiments, we have not at- 
tained any satisfactory results; however, the mu- 
cus in the trachea and bronchia has chemical 
characters very distinct from those of pus, since 
the former is very easily dissolved by acids, and 
remains thus dissolved, and the latter requires 
the acids* to be more concentrated, and may, af- 
ter the solution, again be precipitated by water. 
The reason why the methods of examination, pro- 
posed by Dakwin, Bruggmans, 6rasmi:yi:r 
and others, have had no certain results, is this, 
that no correct distinction has been made be- 
tween mucus and pus. They always considered 
as mucus, the yellow matter, which is expecto- 
rated after the crisis of the inflammation in the 
lungs, and where no destruction of parts had oc- 
curred. On the other hand, they considered that 
only as pus, which is generated in an abscess or 
in an open suppurating nicer in the lungs. This 
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is, however, a mistake, for both are pus (ori- 
ginating in the coloured blood, which, during 
inflanunation, is carried into the capillary ves- 
sels) which exudes on the membrane of the tra- 
chea, mixed with mucus, but which in the cellu- 
lar texture has no other outlet, than that, which it 
can procure to itself by the dissolution of the ad^ 
joining parts j hence, when chemically analysed, 
it must be found to contain more constituent 
parts, than the matter produced on the mucous^ 
membrane. I am convinced, that by a proper 
comparative examination, the diflference might 
be discovered, and the physician enabled, through 
the analysis of the expectorated matter, to deter- 
mine whether it proceeds from a^ open ulcera- 
tion, or is formed oply in the mucous membrane. 
But, hitherto, we h?|,v^ no suph e?tamination. 
George Pearson has indeed lately described 
the different varieties of the expecto^'ated mu- 
cous matter, and fdlly examined the relation of 
the different kinds to heats water, spirits, and ace- 
tic acid ; he has also made some attempts toward 
their analysis, which evince both attention and 
diligent research; but as he could not know some 
of the substances, which are generji^Uy found in 
animal humours, and as he seemed to want the 
experience, which in every research is so neces- • 
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sary for forming a correct judj^ement of what we 
Kee; these analytical investigations have not been 
l>rodiictive of the information which one might 
have expected, if made, by a Chemist who had 
also examined other animal fluids. However, 
among the results of his experiments, there is 
much that deserves to be noticed. In the mu- 
cous matter, which is expectorated in long catar- 
rhal coughs, he found, when diluted with water 
and observed with a good miscrocope, heaps of 
small globular bodies, which were carried to and 
fro^ as it were, with a spontaneous motion. 
These globules were somewhat larger than the 
globules of the colouring matter in the blood, and 
could not be destroyed, either by trituration or 
boiling, nor by drying or re-dissolving, neither 
by coagulation with mineral acids, alcohol, 
aether, alum, or tanning principle, nor by an 
addition of so small a quantity of caustic alkali, 
that the humour still kept itself turbid, and even 
a commencing putrefaction did not break them 
down ; but they were destroyed by concentrated 
sulphuric acid, and by employing so much cans* 
tic alkali, as to render the solution clear, or by 
heating the dried matter until it began to be cbar« 
red. Ue found these globules also in expectorated 
pus in a decided case of consumption ; but his sup- 
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position, that they consist of an organized carbon, 
seems not. a fortunate one. He also found, that 
the thinner these expectorations were, the more 
salts they contained, and the sooner they at- 
. tracted moisture from the air; but this latter cir- 
cumstance was probably only a consequence of 
the smaller quantity of fixed matters, whereby 
r those constituent parts, which could attract hu- 
midity, were surrounded. When, during his 
experiments, he found the syrtipy extract, which, 
in the analysis of blood, flesh, milk, and urine, 
I have shewn to be a compositiou of muriate of 
soda, alkaline lactate, and some peculiar animal 
matters, he considered it as an animal oxid, 
which poi^essed the quality common to acids, of 
neutralizing a certain portion of alkali so com- 
pletely, that it was no longer discovered by the 
re-agents. In the ashes of the burnt pus, he 
found, besides the common copstituents, alao 
silica and o^d of iron. 

The loss which the humours of the body daily 
suffer by excretions, as also that which the blood 
must experience, from the reproduction of parts, 
is day by day compensated by the food which is 
eaten. Chemistry has been much occupied in 
explaining the proci^sses, which take place in the 
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stomachy and in the bowels; and here^ as every 
where else, it has been obliged to stop short, 
where the nervous system has begxm to determine 
the chemical state of these processes. 

Through Bichat's excellent investigation into 
the membranes of the body, we have acquired bet- 
ter information relative to the vessels, in which the 
processes of digestion are performed, and have also 
been enabled to attain a more precise chemical 
knowledge of the composition of the membranes 
of vessels. The whole intestinal canal, and all 
the reservoirs, with their excretory ducts, which 
have any connexion with it, are coated on the 
inside with a mucous membrane ; so called, be- 
cause it keeps itself constantly covered with a 
mucas, by which it is defended against any effect 
from those bodies, with which it comes in con- 
tact. The chemical composition of this mucousr 
membrane has been satisfactorily examined by 
BiCHAT : its principal character is insolubility 
in boiling water — ^we derive no glue from it like 
that from cellular and serous membranes (M. se- 
rosee) ; and of all parts of the body, the brain ex* 
cepted, it is soonest destroyed by being macerated 
in cold water, or treated with acids. The ma- 
cus, with which the membrane is covered, is al«» 
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most everj' w here alike as to its external charac- 
ter, but in other respects, it varies very much in 
its chemical properties, according to the different 
nature of the substances with which it is destined 
to come in contact. I have, myself, found in an 
experiment I made on the mucus, that it has cer- 
tain varying chemical characters in the nose, iu 
the trachea, in the gall bladder, in the urinary 
bladder, and in the bowels, without Avhich it could 
not answer its destined purposes. The mucus, 
in the nature of its composition, is not a solution ; 
but contains a solid body, which has the property 
of swelling in water and becoming a tough balf- 
liquid mass, which, however, is not dissolved if 
more water is added, and which may be deprived 
of its water, by placing .it on blotting paper, and 
thereby rendered more dense. The humour by 
which the mucus is penetrated is nothing else than 
serum, which, however, has lost almost its whole 
portion of albumen, retaining only the other consti- 
tuent parts. The peculiar substance, which forms 
the mass of the mucus, for instance, in the nose, 
is soluble both in acids and in alkalies, although 
somewhat more slowly in the latter ; but, on the 
contrary, it is very easily dissolved, in the gall- 
bladder, by means of alkali ; but is completely 
precipitated by acids. By this property, the mucus 
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dissolved in the bile, is precipitated by the acid in 
the chyme, when the bile is decompounded during 
digestion. The mucus of the gall bladder, if it 
had the properties of that in the nose and trachea, 
would remain in solution in the chyle, and, there- 
by, be less useful in the animal oeconomy. Se- 
veral Authors mention an animal mucus, as a sub- 
stance distinct from the mucus of the membranes, 
and supposed to be found in the fluids of the ani- 
mal body. I can only say, that in all my experi- 
ments, I have never found any matter, to which 
this n^me could be applied, or which agreed, satis- 
factorily, with the character of those substances, 
which Hatchett, Bostock, Jordan, and 
others, have designated by that name. It ap- 
pears probable to me, that with most of them, 
mucus, has been a common tiame for matters, 
which could not be distinctly specified. The cele- 
brated FouRCROY, a little before his death, left 
us a treatise on mucus, in the sense in which I 
have here uis^d the term ; but this treatise was not 
occasioned by any direct investigation, but was a 
mere result pf scattered observations, whereby he 
fell into an error (to him not very uncommon) of 
drawing general and ei^tensive conclusions from 
very uncertain, and sometimes incorrect observa^* 
tions i and with tliese ingenious and interesting 
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representations, the credulous and inexperienced 
reader has been deceived. In this treatise he 
generalized the idea of mucus so far, that ac- 
cording to his statement, the epidermis, nails, silk, 
hair, and other substances of the most different 
chemical and physiological characters, were no- 
thing else than hardened mucus. 

The intestinal canal, besides of the mu- 
cous membrane, is surrounded by a d^ise cellu- 
lar and a muscular membrane, corresponding in 
their chemical properties, the former with the 
cellular texture, and the latter with the muscles. 
On the whole of its outside, from the throat to the 
rectum, it is enveloped by the serous membrane of 
the abdomen. These serous membranes, which are 
found in all the cavities of the body (to conclude 
from the imperfect chemical experiments that 
have been made on them) consist of the same 
fundamental mass as the cellular texture. They 
are called serous, because a serous fluid constant- 
ly moistens them, and prevents their adhesion. 
This fluid is very considerable as to its quantity ; 
it has been chiefly collected in dropsies, and never 
examined in its healthy state ; we have, however, 
every reason to suppose, that its composition on 
these occasions is not altered. According to some 
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experiments, which I have myself made^ thb 
fluid consists of serum, which has lost the greater 
part of its albumen, of which, however, so much 
remains, that the fluid, during boiling, becomes 
in a very small degree coagulated. During its 
evaporation common salt is crystallized from it, 
and the usual brown extract is deposited between 
the crystals, containing alkali, lactate of alkali^ 
and the extractive animal matters, which com-^ 
monly accompany tlienu 

The Fluids, which some way or other contri- 
bute to digestion, are the saliva, the gastric Juice, 
the bile, thejlvid of the pancreas, and that of the 
intestines, (succus intestinalis)^ Fourcroy and 
VAuauEMN have left us. an examination of the 
saliva, and it has since been analysed by Bos^ 
TOCK, and lastly, I have myself endeavoured td 
ascertain its composition^ I found it to be 
one of the most aqueous fluids of the body. 
It contains a suspended white mucous matter, 
which is easily separated by the solution of the 
saliva in water, and which is soon dissolved by 
alkali, but riot by acids. I have reason to believe, 
that, to a certain extent, at least, it originates in 
the mucous membrane of the salivary ducts, and 
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the inside of the mouth. The other part of the 
saliva contains, besides the usual salts of the se* 
rum> a peculiar matter, remarkable in this respect, 
that it cannot be coagulated either by boiling, or 
by the tanning principle, or the subacetate of lead. 
With water it resolves itself into a liquid frothy 
solution, although it should be observed, that the 
saliva derives its property of forming threads 
only from the mucus, which is mixed with it. 
The viscidity of the saliva has been considered 
only as intended to mix small particles of air with 
the substance, which is chewed. This, however, 
I consider as a mistake. It may probably have 
the mechanic purpose of preparing a slippery 
and coherent mass from the chewed food, in or* 
der to promote its being more easily swallowed ; 
but it is not at all decided how far it m^y 
contribute to the solution of the food. Whea 
part of the mucus of the saliva remains on the 
teeth, it thickens, gets coloured, and forms , what 
is called tartar; and I have found this to be of a 
two-fold kind: when just settled it is clearly 
nothing else than the darkened mucus ; but during 
the destiiiction of the mucus we insensibly per- 
ceive phosphate of lime on th^ enamel of the 
tooth, which sometimes is increased to a crust of 
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the thickness of } to 5 a line. This contains, be- 
sides the phosphate, about ^ its weig^ht of mucus, 
which has been dried up in the earthy mass. 

Several Natural Riilosophers, both ancient and 
modem, such as Stevens, Reaumur,6pallan- 
zANi, ScopoM, Brugnatelli, Carminati, 
VAuaxJEi^N, &c. have endeavoured to investi- 
gate the composition of the gastric juice ; but as 
animal fluids in general had been little examined, 
and the greater part of these philosophers were 
not much acquainted with Animal Chemistry, 
all their analytical attempts were productive of 
no satisfactory results, since they could not com- 
pare the substances that were found in the gas- 
tric juice with the constituent parfs of otlier 
fluids. VAUauEMN always found phosphoric 
acid in the gastric juice of herbivorous animals; 
whilst on the other hand, that of man and car- 
nivorous animals, had seldom any visible traces 
of acid or free alkali. One of the most remark- 
able chemical {%>perties of the gastric juice is its 
power of dissolving the nutriments, which the 
animal consumes, and of coagulating milk and 
albuminous substances. The latter requires so 
small a quantity of the coagulating matter, that 
Young found, that if the interior mucous mem« 
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brane of the stomach (which after the death of 
the animal retains in its vessels part of the gastric 
juice^ which in the moment of death was about 
to be secreted) be first washed with water and 
then with a weak alkaline solution^ the water 
with wliich it is macerated, has, even after this 
operation, the power of coagulating milk and 
seium. It is not yet ascertained what substance 
it is, that gives these distinguishing qualities 
to the gastric juice. In the mean time, it is as« 
serted by some, that flesh, wrapped in a fine 
piece of linen, and afterwards placed in a situa«- 
tion, where it is penetrated by the matter of per- 
spiration, as under the arms, between the toes, 
&c. becomes dissolved in the same manner as by 
the gastric juice. 

The Fluid of the pancreas has never been che- 
mically examined j it is supposed, however, from 
the structure of the gland, which resembles that 
of the salivary glands, that it is analogous to the 
saliva in its composition. The i«7e, on the con^. 
trary, has often been an object of chemical exa- 
mination. BOERHAVE, BlANCHI, VeRHEYEN, 

Hoffman, Dremncourt, Hartman, Mar- 
HEER, Barchhusen, Schroeder, andothers 
of the old school, have occupied themselves a good 
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tfeal with it ; but Cadet gave us the fiM tolei'a* 
b!y accurate analysis on the subject, and some 
years after him Van Bochaut also engaged in 
the investigation. Those who have since la- 
boured in this field are Maclurg, FotjrcrOY, 
Powell, and vex*y lately TJhenard- The old 
experimenters all agreed in considering the bile 
as a kind of soap, compo^d of caustic soda, and 
a peculiar green bitter resin, which could be pre- 
cipitated by acids, and supposing that the sapo- 
naceous substance was mixed with the bile in a 
certain proportion. It was also considered as con- 
taining a }X)rtion of albumen, which could be 
separated by alcohol ; Thenar©, however, 
shewed that the bile contained, besides this resin, 
a peculiar bitter-sweet matter, in form of an ex- 
tract, to which, from its taste, he gave the name 
picromelf and which, together with the alkali, 
contributed to hold the resin dissolved. Some 
circumstances in Thenard's experiments, 
which appeared rather improbable, made me 
also undertake an analysis of the bile, the result 
of which was the discovery, that none of my pre- 
decessors had properly ascertained the composi- 
tion of it : I found that it contains no resin what- 
ever ; that it has the same proportion of alkali 
and salts as the blood ; and that it contains a pe- 
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culiar inatier of a bitter aiid afterwards sMWe- 
what sweet taste, which possesses characters ii^ 
conimon with the fibrin, the colouring matter, and 
the albumen of the blood, from which it is formed 
in the liver.^ I foiuid,. also, that with mineral acids 
it forms a peculiar substance, not easily soluble 
in waters With an excess of acid it is completely 
precipitated,^ and has all tlie characters of a re-^ 
sin, viz* is soluble in^ alcohol, meks in heat,^ forms 
a composition like a plaster with the oxid of lead,» 
&c. A smaller quantity of acid, on the contraiy^ 
produces a more soluble compound. The resin,, 
which is precipitated with sulphuric acid,, may 
be restored to its original pvc^erties by being 
treated with carbonate of barita^ and then pro- 
duces a solution altogether like bile. This pe- 
culiar matter agrees also with the aR)umen m\A 
the fibrin of the blood in this respect, tliat it 
cannot be precipitated by acetic acid. In dif- 
ferent animals, as also under different circum^ 
stances in the same species, it has a different 
tendency to foim almost insoluble combinations 
with ihe acids;: and fioia the e^eriments that I 
have had an opportunity of making, I drew the 
conclusion, that its remaining long in the gall- 
bladder, increases its tendency to form resin with. 
the acids. All my predecessors have aHotted a 



]>Orlioii of albumen to the bile ; but as the mattcf 
^hich they have here called albumen is precipi** 
tated from the bile by acetic acid, and cannot 
be dissolved in an excess of acid, it must, of 
course^ be something else. In an examination 
of the mucus from different parts of the mucous 
membranes^ I demonstrated^ that this matter is 
nothing else, than a part of the mucus of the gall« 
bladder, which has become dissolved in the bile^ 
and made it what physicians teem, more in* 
volved. The bile, kowever, contains it in very 
9mall quantities ; for when this fluid is very thick 
it does not afford a perceptibly greater residuum 
after evaporation^ than when it is quite thin« 

This is^all that we know of those fluids, which 
have any thing to do with digestion ; and although 
this process is more independent of the immediate 
influence of the nervous system than most others^ 
it is far from being sufficiently understood. It was 
for a long lime believed that the office of the sto« 
mach, in digertbn, was nothing el«e than a me- 
chanical effect of its membranes, in triturating the 
food* The experiments, however, of Stevens, 
Keaumur, and Spaujlnz ani, have proved the 
incorrectness of this supposition* They caused 
wiiuals to swallow tubes, and baUii of metal, per«» 
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fbrated with small holes^ in order to admit the flu- 
ids of the stomach; in these they put nutritious sub- 
stances, and they found, that this food^ after a-while, 
was equally changed into chyme with that in' the 
other part of the stomach. A mechanical effect 
of the coats, could not therefore be the cause of 
digestion. Fermentation was next resorted to ; but 
when it was found, that meat, in close balls of 
metal, was not changed in the stomach, and that 
dmall bones, which had been swallowed, were 
dissolved and had lost their cohesion, the theory 
of fermentation was relinquished ; and that opinion 
was adopted, which is still considered as most 
probable, that a peculiar fluid, the gastric juice j is 
secreted in the stomach, which possesses the pro- 
perty of dissolving the nutritious substances that 
enter that organ, and by this dissolution pre- 
paring them for the further changes, which are 
to take place in the duodenum. In consequence 
of these ideas, Spallanz ani instituted numerous 
iexperiments to ascertain the natufe^md property 
of the gastric juice, the repetition of which would, 
iat present, be productive of far greater advan- 
tages than could have been expected in his time. 
EAGiiESFiELD Smith has eudcavoured to prove, 
by experiments on frogs, that the bile, and not 
the', gastric juice, was the means of solution. 



sUice the food in the stomach of these animals 
was always found unchanged if the biliary duct 
was tied up,; but if he administered bile to them, 
or iftitied the ligature, digestion was ' very soon 
performed. But even should these observations 
and conclusions be found correct, as they regard* 
the amphibia, the case is still different in the 
mammalia; for we have many instances of per- 
fectly prepared chyme being thrown up, in which 
no sign of bile has been perceived, and when bile 
at any time is met with in the human stomach, it 
is alway«, according to well-established experi- 
ence, a certain sign of disease. 

EvERARD Home has lately endeavoured to 
prove, that the stomach, diaring the time of di- 
gestion, is kept divided into two parts by its mus- 
cular fibres. He supposed that the portion nearer 
to the throat is destined to contain liquid nutri- 
ments, and that in the more remote the solid nutri- 
tioiwi substances are to be dissolved. The object 
of this division of the stomach, during the pro- 
cess of digestion, which certainly seems not very 
probable, he supposes to be, to convey the greater 
part of those fluids through an unknown channel 
from ihe stomach into the spleen, that they may 
mix with the blood more speedily, than by thf 
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course of the absorbent vessels from the intestina 
canal. This passage, which could not' be alto-* 
gether unexpected by those who were acquainted 
with the minute investigations, M'hich were %>r-; 
Bierly instituted to discover a direct way from 
tlie stomach to the kidneys, Hoi^iE has endea^ 
voured to support, by experiments, which, in 
case they have been correctly observed and 
confirmed by other experiments, do certainly 
prove the point most completely. He found, 
for instance, that when a person takes a dilute 
infusion oi rhubarb, the colouring matter of 
the rhubarb shows itself about twenty minutes 
after, in the urine, but soon disappfears ipigain, 
and does not return till after several hours, when 
the remainder of th^ infusion of rhubarb has 
passed the thoracic duct. When an animal h 
made to take infusion of rhubarb, and is killed 
shortly after, the infusion is discoverable in the 
blood of the spleen, but not, for instance^ in 
that of the liver, &c, He found, that the gpleeti 
contained ^number of small cellujes filled with 
a colom'less fluid during the period of digest 
tionj but .which, at other times, were collapsed 
and almost imperceptible. Th^ same observa* 
lions, relative to the structure of the Ef)leen, 
have also been made by otlier respectable ana* 
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toiHists before Homk. In this manner th& 

• 

chyme always acquires adeterniined consistence, 
h'uice the supei'flaoiis fluids, which have beea 
iiwallowed, are emptied without being mixed 
with it; while the chyme is conducted through the 
pylorus into the duodenum, where it comes in 
contact with the bile. The change^ which the 
bile here undergoes, is unknowo, both as to its 
nature and its purpose. That it is really decom- 
posed, we may learn from this circumstance, that 
it is no longer met with in the contents of the in- 
testines as bile ; but instead of it, they contain the 
peculiar matter of the bile, changed into a kind 
of yellow or greenish adtpocerous fat, which gives 
to these contents their darker colour. It was 
thought that no chyle could be formed without 
the assistance of the bile, and though it cannot b^ 
denied* that the bile may be indispensable for 
the formatioa of perfect chyle, yet we have in* 
stanoes of personst ia whom, during the course 
of a chronic jaundicct the flow of the bile ha# 
been obstructed for two or three weeks tc^ether, 
and yet th#y have not died for want of nutriment. 
After the bile and the pancreatic juice have mixed 
themselves with the chyme, we find it distinctly 
divided into a kind of white emul^io^ whichf 
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from its coloiu*, is called lacteal fluid or chyte ,' 
and another light yellow insoluble part, v/hich is 
destined to foi*m an excretion. This insoluble 
part consists of such parts of the food, as can^ 
not he dissolved by the gastric juice, and of the 
bilious matter, which is precipitated in the fortnt 
of a coloured adipocere, and probably in this state 
is united to certain parts of the chyme, which, by 
their affinity, have detemiined its precipitation. 
Both are now blended together. The abs&rbents^ 
which arise every where in the villous surface of 
the mucous membrane, absorb the dissolved part 
and leave the undissolved; but as the jjiass, by 
means of tliis absorption, would at last become 
very dry, before the whole of the chyle had 
, been taken up, a tliin liquid humour is secreted 
on the inside of the intestines, which unites iti 
self with it, dissolves the chyle, and is afterwards 
absorbed by the succeeding' portions of the intes- 
tines, so fSiat when their Contents arrive at the 
sphincter, there is offcen pone of the chyte left 
in them. The nature of this mass, after excre-. 
tion, has been very little examined by foi-mef 
Chemists; and the experiments which VAtr- 
auELiN and Sage in later times have left ns^ 
cannot he considered as complete* 
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EiNiioF and Thaer instituted a very minutd 
examination of the exci*ements of cattle, and I 

s 

have since examined tliose of man in a more phy- 
siological point of view than my predecessors. 
These contain about J of their weight of fluid, in 
which is found, besides the small portion of yet 
uudecompoundcd bile, a solution of the usual salts 
bf the serum, a certain quantity of phosphate of 
magnesia, and a peculiar sinimal matter in form of 
an extract* The solid mass consists of what is un- 
dissolved in the stomach, or precipitated in the 
duodenum, and of the mucus of the intestines, 
which is thoroughly diffused through the whole 
mass, • 

- VAuatJELiN instituted a comparative experi- 
hient on the quantity of earths a hen consumed in 
the oats on which it was fed, and the quantity 
produced in the eggs and excrements, whereby it 
appeared, that the quantity of phosphate of lime in 
the latter was twice as much as in the former, 
besides a quantity of carbonate of lime, found in 
the oats on which it was fed, and that the quan- 
tity of silica was somewhat, though not consider-* 
ably, diminished in the excretions of the hen. 
These experiments, which, by the bye, have been 
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made very intricate by incorrect decimal cyphers 
and erroneous calculations, seem to prove, what 
experiments with vegetables further confirm, that 
these earths must be capable of being composed 
and decomposed, as occasion requires, by the 

processes of organic chemistry. 

-^ 

The Chyle f such as it occurs in the smaller in- 
testines and in the first branches of the absorbent 
vessels, is not distinctly known. From its colour 
and its property of coagulating, whilst boiling, it 
was compared to milk, and it was long supposed 
that its principal' constituent parts consisted of 
sugar of milk. This error is, however, no%v cor* 
rected. As soon as the chyle has come into the 
thoracic duct, its milky colour gets more and 
more faint in proportion as it is diluted with 
lymph from other absorbing vessels. In general 
it is a mixture of yellow and grey, is coagulated 
in tlie air, and the coagulum assumes, by degrees, 
a red colour. We have, consequently, reason to 
consider the suspended white and grey matter in 
the chyle as. a colouring matter not yet com-» 
pleted, and which wants the contact of the air, in 
order to be perfected. The experiment on the 
chyle, by H axle, Emhert, and Rbuss, all agree 
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in thlg, that chyle, except in the colour, resemble* 
blood, but is a much more dilute fluid. After 
FouRCROY had stated that the colouring matter 
of the blood was a combination of red subphosphate 
of iron with albumen, it followed, that the white 
colouring naatter in the chyle must be albumen 
united with a neutral phosj^hate of protoxid of iron, 
which at its entrance into the blood acquired an 
excess of base by the alkali of the blood, and which 
was changed in the lungs from protoxid to pe« 
roxid ; but as no such feiTuginoas salt can be dis« 
covered in the colouring matter of the blood, all 
this seducing supposition falls to the ground. 

A summary idea of the formation of the chyle 
by digestion, may thus be expressed in a few 
words: the alimentary matters are accurately 
triturated in the mouth, received into the stomach, 
and there converted by the gastric juice into a 
unifoim fluid, which is precipitated in the duo« 
denum by the bile. The solution is filtered in 
the intestines by means of the absorbents, and 
the precipitated matter is washed by the intes- 
tinal fluid, which is again absorbed, in the same 
manner as precipitates are edulcorated in our 
conunon filtering apparatuses^ after which the 
W^usbed mass is evacuated* 



76 

The composition of the mass of the Uver and 
the spleen has not been examined. It has only 
been observed, that the liver, when putrifying, 
no far partakes of the property of the bile, as to 
be easily changed, under certain circumstances, 
faito a substance resembling adipoce*. 

• 

The texture and constituent parts of the bones 
have only of late been accurately ascertained; 
although it was discovered, very early, that they 
contained an animal combustible part, and an 
nnorganic earthy part, which, as it did not resem- 
ble any otlier earth then known, was called bone- 
earth, or animal earth. Pawn, Hbrissant, 
Lessone, and above all, Haller, have proved, 
that the combustible part was cartilage, which 
might be dissolved into a glue by boiling. The 
nature and composition of bone-earth was disco-^ 
vered by a gentlemati, whom we have the happi- 
ness of seeing this day amongst us, I mean oifr 
colleague G. Gahn. This, as well as several 
other of his discoveries, have been ascribed to 
ScHEEi^ and Bergman, because these gentle- 
men, to whom we were accustomed to ascribe so 
much, were the first to communicate them to the 
public, thoupfh with an unintentional omission of 
his name. It was enough for this modest natural 



77 

philosopher, that truth was made known. He 
did not claim the honour of the discoverv, since it 
was indifferent to him, if his former Instructor or 
his Friend were supposed to have found out what 
he, himself, had discovered ; but posterity will 
not forget to make amends for the nei^lect or 
omission of contemporaries. Schbele, in his 
treatise on the fluor spar and its acid, stated that 
hone-earth, " as was proved by a late discovery,*' 
consisted of phosphoric acid and lime, and this 
expression gave rise to the mistake, for the disco« 
very was made by Gahx. 

FouRCROV, a long time afterwards, proved; 
that the bones of herbivorous animals contained 
phosphate of magnesin, which he, in vain, sought 
after in those of man ; and at last MoRiCHixi, 
an Italian, discovered, that ivory, as well as the 
enamel of the teeth, contained fluate of lime. 
Besides the constituent parts which were al- 
ready known, I have, by minute analyins, detect- 
ed in human bone, fluate of lime and phosphate of 
magnesia ; and I have proved, that the sulphate of 
lime, which after combastion is found in them^ 
does not belong to them in their living state. 
'J'he cartilage of the bones I found to be afiont j^ 
part of their mass. It was somewhat le^s in tlk; 
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teettii and entirely wanting in the enamel of die 
teeth. FouRCROY and VAuauEUN had found 
27 p. c. combustible matter in the enamel. Pe- 
PYS only 16 p. c» but I could not find 2 p. c. of 
it. Mjsrat^Guillot has instituted a comparar* 
tive investigation on the bones of several ani- 
mals ; but it has produced very incorrect results^ 
While I found, for instance^ in the human bones 
end those of the bullock, the same constituent 
parts, and nearly the same proportions, he found 
93 p. c« phosphate of lime in the latter, and 67 in 
the former. The cartilage, \vhich is the ani- 
mal constituent part of the bones, is so closely 
united with the bone-earth, that they constitute a 
common whole^ of a texture, which wi^^^^^ds 
considerable impressions, and of a chemical com- 
position^ which^ when the bones have not been 
moistened, has preserved itself unaltered for se- 
veral centuries. • In later times we have known 
how to profit by Papin's excellent discovery, of 
extracting from bones a good and salutary nutri- 
ment, which in his days was disregarded. Papin 
had shewn to Charles II. pf England, that it'wa^i 
possible to extract a jeUy from the hopes, and had 
engaged within 24 hours with eleven pounds of 
chaixoal to prepare 150 pounds of a jelly, which 
he recommended to be used in workhouses and in 



hospitals. The King was ready to give thi* 
project the attention it deserved, when, as he was 
one day going to dinner, he found petitions fas- 
tened to the ne#ks of his dogs, the import of which 
was, that he should not deprive them of a ibod, 
which they had long considered as their proper- 
y. The jest was smiled at, and Papin^s disco* 
very was lost for the age. L. Proust recalled 
Ihe pubhc attention to it, and proposed to the 
Spanish government to use the bones for the sol-' 
diers, and in public institutions for the poor, and 
his proposal was adopted. The French govern- 
ment, observing the progress of their neighbours, 
ordered this matter to be investigated in France, 
where it was soon adopted, and afterwards spread 
itself throughout Europe^ Several learned men 
have occupied themselves with experiments for 
extracting the cartilage of bones completely, and 
it has almost generally been found impracticable, 
except by using Papin's boiler, on which such 
improvements have been made of late, that it 
may now be used without any danger. Some 
have gone so far in their zeal for the bone soup, 
that they have considered bones as more nutri- 
tious,and consequently of more value, than an 
equal weight of meat. This, however, is not cor- 



80 

feet, for the reasons, which I have stated in the 
•nalysis of muscular fibre. 

On th^ composition of the bones, according to 
the different age of the individual, we have na 
satisfactory experiments ; neither do we know 
the general differences of the bones of different 
classes of animals. HatchetI* has examined 
the integmnents or coverings of the testacea, which 
we justly consider as the bones of those animals, 
and he found them to be composed of a peculiar 
animal matter, the nature and chemical proper- 
ties of which he did not minutely determined, and 
of carbonate and phosphate of lime. While the 
bones of the mammalia consist of phosphate of 
lime with but little carbonate, these shells, on the 
contrary, consist of carbonate of lime with a few. 
p. c. of the phosphate. 

Marrow, or the fat, which is contained in the 
long bones, appears, by my experiments, to be 
similar to fat in other parts of the body; and the 
different properties it acquires by being boiled 
whilst included in the bone, belong entirely to* 
the fluids, contained in the vessels of the proper 
membrane of the marrow, and which it loses 
altogether, when the fat is melted from its cells. 
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The composition of cartilage in exacdy thu' 
^ame as that of the cartilage contained in bones. 
It is distolved by being boiled in water, and is 
changed to a glue, its yein« and nerves remaining 
Hndisselved. 

The Stnatia^ contained in the joints* hetwem 
the bones, has been examined by Margueron, 
a Frenchman. It seems to be almost completeljT 
serum, which 1ms retained its portion of fibrin, 
for it ooagidaCes in atmospheric air: this co« 
agulum, however, is not coloured, and the rest 
is entirely inmilar'to the fluid in coagulated 
blood. When MARt^BURON stated the proper* 
ties of fibrin in this humour to be 12 p, c. he 
weighed it, most probably, in that moist state 
in which it is found on coagulation. This fibrin 
lias not altogether the same properties as the fi- 
brin of the blood, but from his analysis no very 
precise knowled^ of the difierenee can be de- 
rived. FouRCROY seemed to think that it was 
uric acid, for which <^inioii there appears to be 
no other reason, than that gouty concretions, 
which consist of m*ate of soda, are sometimes 
formed near the joints, and obstruct their motion. 

The Muscks, (or what is generally termed 
^eA) have been less examined than other animal 



matters. Oeoffrot endeavoured to asceftdin 
how much could be extracted from them by wa- 
toTf and, the different quantity of nuti:itious sub-» 
fitaaces^ ! vfhich might he obtained from the flesh 
of different animals. Thou venei^ next gave 
us an analysis of flesh, which he considered as com- 
posted of the muscu}a^ A^r^^ properly so calledt 
^nd a peculiar ^x^ract^ so^le in alcohol an4 
water. I have siince . fouiid, that flesh q^ntain^ 
near i pf its weight, of fluid ; that this fluid con- 
tains, a free acid, and thf^t ^he extract, which 
Thou YENEL, described, is the same acid sy- 
rupy massi which is met with in milk and ui*ine« 
.a|id whichjcpn^iste of lactic acjid, Is^tat^ of alkali, 
fi^ilt, and the apini^al matter, which is united with 
Ihese s^ltS;ii) tl)e,form of an extract. I have enr 
jpleavpured to.prpjv? ^hat ik^ ^^ract.is Qot a con*- 
id;ituent part of, tl^ fi^s^ but that it has beloiiged 
^o the ^bsorb^nts, andtbfit itcopaili^s prin]qpally 
jof the decayed particles, whidi.have been either 
.absorbed by theni, or were ready to be absorbed 
when lifewa^ ei^tinguished* The jSuids of the 
^esh abound much more in ^his syrupy extract, 
and contain more phosphate of soda, than^ the 
blood ; and from this. I have concluded, tliat those 
matters, m hicli are formed by Jie decay of the 
paits, are absoi'bed aial introduced into the blood, 
in order t# be4i|ipluu*ged with the mine, in ViVy^ 
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fjie|r are a^in discoTerabie in a CH^nsid^ratle 
quantity. The solid living mascolar fibre is, a^ 
^natoftiy will skew^ interwoven trith' die cellular 
texliire, aod f undBb^ efcn in its inneMnesf 
^arts with veins and ner\ es. TIbb fibre liM the^ 
fiame qualities with tiie fibrin o^ the blddd^ it 19- 
solnble in acetic acid, exc^i; the greats part .of 
Ihe cellular texture, Mgether withthe Ticssek and^ 
nerves whereby ; it 19 sdpportedt . The fi[farin df= 
the fle^ nnd^^goes the ^ame change by boiiihg 
as that of th0bloqd;^jit thereby become^ insohtbler 
in acetic acid, .and leavef to the water, witl^ 
wldcb it has heei^ bflife^ a constituent part^i 
which ha£r a strong und pI^l^aBi t^yrte <tf fledi 
^nd cannot foe gfeMiiUsed* > Whenr this ' iai dJ9-^ 
solved^ together with the eellifclar texture, and> 
nnxe& itself wi^^ Ibe uncot^^d^nted p^rt of the hvh ', 
moija^ of th^ fl^f^h* it fesn^m what wfe.caH; broths 
the strei^;th and taste of whi^ dependsraot onlyi 
on the dibsdlved add gitrtinised' cdlnlar testnre^' 
iMit alsooa the fiht^ the taste of whM^iL it retains. 
The difterence l^tween th# t^teless l>oAe^«so|ip 
and the broth, has formerly heesk ascribed to th^. [ 
extractive substance ; bnt this cannot be correct, 
since we know that flesh, the humours of which 
have been extracted, gives a very palatable and 
nourishing:, though at the same tim^ coh^ajdtess ' 
«onp. G 2 



Various experiments have been made to duK 
cover the intimate nature of the motion of the miuk 
cles. Carusi^e has endeayoured to prove^ by se* 
veral very ingenioug methods, that a muscle, while 
it contracts, increases in weight and volume, and 
is consequently penetrated by an increased quan-* 
tity of fluids. The most probable account of the in-« 
^rior inechanism by which the motion of the nms^ 
ole is produced, seems to be, that the fibres must 
twist themselves round more distended Vessels 
whereby the muscle in a particular place becomes 
shorter and thicker. It is neceteary that nature, 
by the mechanism 6f ihi^ 'kkietnsA action, should 
endeavour to regain what it loses by that of the 
external, in whi<;h ev^ thing is conducted ac-i 
HX>rding to principles, altogether contrary to those, 
by which we are ganei^Uy governed in mechanics. ' 
The muscle, by means of a small contraction, 
n^es an extended motion, and consequently 
exercises its power near the fcdcrua of the bone, 
whilst the counterpoise is on the other remoter 

end of the bone. Nature seems here to be lavish 
in the power it bestows, since every muscle mQst 
make a far greater eflbrt, than would be necessary " 
under opposite circumstances ; this expenditure 
of power must, however, certainly be balanced 
by the methods employed to shorten the sm^st 



Jkhves in the acting muscle* I have often di^ 
termined to examine^ with a compound micro- 
iscope, the contraction of a naked muscle in a 
living animal, being convinced that by that 
means something might be obtained toward a 
nearer explanation of this highly interesting pro- 
cess of animal mechanics; but I have alwap 
been deterred by an insurmountable aversioa 
to see a wounded animal sujQer under the hand 
of an experimenter, much as I at the same time^ 
value the important physiological truths, which- 
have been discovered in this way* 

Sinews^ (tendons and aponeuroses) are parts of 
the muscles, by which they are fixed to . remote 
l^nes, or to circumscribed points of attachment. 
They have a mechanically strong composition, and 
are formed from the same fundamental mass as 
cellular texture and cartilage, from which they 
seem tp differ only in their structure. They are 
softened by degrees by boiling, an4 dissolved into 
a glue, so that at last, the veins only remain 
undissolved^ 

0( the Memhranes qfthe Ejf€, and the humours 
which are contained in them. Chemistry, has had 
to record little else, than the observations^ which 
bare b^^ea accidentally made by Anatomists. 
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Crt^vtevix, not long ago, gaV6 us an, analysis of 
the humours^o/the eye^ and I have since exaitilhed 
their composition, together with tfett of ihe mem- 
branes. ' ' "^ -' 

The SeUrotiea. which snrrounds this ev6 on th«: 
outside^ has the same component parts as the 
tendons: it dissolves by continued' boiling in wa- 
ter, and Ihe sohition,. whilst cooling, hardens int^ 
a jeUy^ The Ckoroidea,. spread over its internal 
surface, is^ a similar compound,, and in like man- 
ner dissolves in boiling, with the exception only" 
of its numerous veins, and the black colouring 
matter, or pigmentum nigrum, with which it is 
€Overed# The black substance i« indissoluble m 
hot or cold water,^ and also in acids. It is solu-< 
ble, however, in caustic alkali^ and the precipi- 
tate by an acid is somewhat paler. It bums libe 
a vegetable substance, and leaves the same feiTu-^ 
gineous ashes as the colouring matter of the 
blood, from which it has, in all probability, been' 
formed and secreted, the veins -•f the choroidea 
transmitting only the colourless parts into the sub- 
stance of the eye. The Corneu, also, consists of 
a mass, which by bo^ng; is converted into a ghie* 
The Jri>, on the contrary, has all the chemicaf 
characters of a musde, and ks con^ituent parts. 



• — 






sir 

wt the same as those of muscular fibre* As its 
operation also resembles that of these organs, it* 
seems more than probable, that it ought to be con-* 
sidered as one of the mtiscles of the body^ and in 
man, as one of those, which are not under the con- 
trol of the will; although, on the other hand, ita^ 
motion in several birds (for insttoce, the genera 
sirix and psitacos,) seems to depend on the wilL 

The humours which fiU the globe of the eye ' 
are three, viz* the aqueous humour ^ the crystaline 
husj and the vitreous humour. The first and 
the last of these humours are very thin^ and agree 
in their composition altogether with the fluid of 
the serous membranes ; but they are distinguish^ 
ed from them in this, that they are completely 
void of colour, and the aqueous humour seems to 
contain a smaller quantity of albumen. The 
crystaline lens, on the contrary, is very remark* 
able, both as to its texture and its composition. 
Its density is least of all at the surface, but con« 
tinues to increase towards the interior j and Che- 
NEVix found, by removing the coats or layers * 
successively, that its specific gravity inoreased> in 
proportion as he approached the centre. When ' 
the process had been performed on a lens weigh**- 
iiig 30 grains, with a specific gravity of 1,076/"' 
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i^il only G grains remained, the specific grscvhjr 
of this internal nucleus proved 1494.« Chs-- 
NKViXy and before him Fdujieaor^ state^ that 
the lens consists of aUmmea and glue ; and yet 
it coEtains iieither the one nor the other : it 
is almost completely soluble in water, and thee 
solution m coagulated en boiling ; but the coagu- 
lated mass does not resemble albumen^r k i» grittyi 
and opaque, exactly like the colouring matter of 
the blood, which it resembles also in being easily 
dissolved in acetic acid» after the coagnlationu 
The coagulum is as white as snow, and leaver 
after combustion a small quantity of ferrugiaeous 
ifshesv^ As far as we can discover, it differs only 
from the colouring matter of the blood, by its^ 
want of colour^^ It is not improb^le, that the co» 
louring matter is divided into the cdburing part 
strictly ser called^ which is deposited in the cho^ 
roidea, and tho uncoloured albuminous funda^ 
mental substance, which passses on and forms, the- 
crystalline lens; although they do not receive 
their blood from the same, but separate branches 
of one and the same artery that is, the ophthaU 
mic. ' Some attempts which have been made to 
change a dissolved lens into ccdouring matter, by 
adding to it phosphate of iron, in various modi* 
fixations, have not been more succesafol thaa 
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sii^iilar experiments with; serum* The crystalUiid 
lens fonmsT the limit between the hmnomrs and 
solid animal master. It contains little more than 
half its weight of watePf and differs from other 
secreted fluids in this^ that it is less aqueous than 
blood. It produces, when analysed, a portion of 
acidulous extract, in which it resemblei^ animal 
matter, divested of its alkali* BjBiii had founds 
that when the crystalline lens is treated with 
dilute nitric acid^ it is converted into a yellow 
fibrous m^ss, like raw silk, its fibres diverging from 
the centre towards the surface, in a certain regu* 
lar order. From this he concluded, that the lens 
was a muscle, whose fibres were only rendered 
visible by. this treatment; but, although the inte* 
rior construction of the lens is as yet too little 
known, to enable us to explain the niechanism of 
the phenomenon, still it is clear, from the solubi* 
lity.of the. mass in water, and from its manner of 
coagulation, that the lens cannot possess the pro* 
perties of a muscle. 

The Tears have been examined by Four- 
CKOY and VAuauirtiN — They resemble very 
much the humours from serous m^embranes, and 
the humours of the eye, but with this difference^ 
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(haty instead of albtnneii, they eoiitaiii a pecxjlist 
natter m sohitutt, which is not coagulated by the 
heat of boiling water or by adds, but which, dor- 
&g a slow eyaporatioo in atmoqdienc air, is 
dianged into an insolnble mncns, like the mncas 
of the nose, already mentioned. If this peculiar 
matter, which in my Treatise on Animal Che-' 
mistry, I have called f^r^'mne, or a peculiar mat- 
ter of the tears, possesses the characters, which 
the French Chemists haye ascribed to it, it doen 
mdeed deserye to be fiiUy inyestigated. Should 
their statement be confirmed, the mucus of the 
nostrils must then,* like the tears, be secreted in a 
thin liquid state, and be conyerted during respi- 
ration, by the agency of the air, into mucus. 
This would presiqppose an essential difference i>e- 
tween the formation of the mucus in the nose, 
and in those places, where it is not in contact 
with the air, and must be directly secreted as a 
complete mucu/s. 

The Cerumen of the JEkrhas been examined by 
VAuauEi-iN. When obseryed after having 
been long detained in the meatus extemus of the 
ear, it is dried up, and consists of a peculiar fat 
body resembling oil, which assumes the form ef 
an emulsion by .its combination with albuminous 
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matter. In the firrt moment ifnecktim it fbnn^ 
a thin yellavnsh milk, nrhich thickens by degree! 
as it loses its water. ' 

RespectinjHP the Skin, and the parts connected 
with it, otir chemical information is hitherto very 
imperfect. What we know is chiefly obtained 
from accidental observations in tanninof and ^liie 
making. The skin (or hide) changes by long boil- 
ing into a glue, which is better and more tena- 
cious in proportion as the skin is more difficult of 
solution. Tanning consists in combining the 
unchanged mass of the skin with tanning matter 
from vegetables. This tanning matter, extract^ 
ed from various vegetables, often differs as much 
in its nature, as the hides of difierent animals ; 
and from this circumstance, the results will vary 
iiccording to the vegetable, which has been used 
in the tanning process. Skin requires a certain 
preparation previous to tanning. The object of 
which is, by means of a liquid, to penetrate and 
widen all the cells of the hide, in order to open 
a sufficient space for the feception of tanning 
matter. Weak alkalies have a better effect here 
than water, and acids succeed even better than 
ulkalis. Vegetable acids are prefered to mineral: 
The quantity of acid in die water, with which 



the hide is soaked, may be very small, and yet 
produce a considerable effect. The primciple 
thing to be observed in tanning is, that it be done 
slowly, week infusions only being used in the be« 
ginning of the. process. The more slowly the 
process is conducted, the better the leather be^* 
comes ; whilst, by a hasty process^ the outer part 
of the hide is supersaturated with tanning matter, 
and the avenues to the interior p^s are closed; 
hence a hard,, brittle, and thin leather is pro-* 
duced. 

The Rete Mucosum^ or net of Malpighi, which 
constitutes the secretory organ of the skin, and 
in which its nerves and absorbents are dispersed, 
has not been estaniined. We only know, that 
its black colour, observable in the skin of negroes, 
may be bleached for some days by the applica- 
tion of oxy-muriatic acid. The texture of the 
Epidermis is very peculiar : It is not dissolved 
even by long boiling in water, but it is dissolved 
both by caustic alkalies and acids, and, in most of 
its chemical properties, resembles the hair and 
the nails* The greasy substance, with which it 
is covered, has not been examined on the human 
skin ; but YAUaUEJLiN has made an experiment 
on that, Mfhich adheres to the wool in sheep, aii4 
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has found it to amtaint besides carbonate of al* 
kali, albumen and the acetates of lime and pot- 
ash/ a peculiar saponaceous combination of pot» 
ash, lime and a resinous oily substance. He ascribes 
the fat of the wool and the hide to a part of the 
oil, which has been separated on the combination 
of the alkali with carbonic acid from the air. 
There appears, however, to be a contradiction in 
supposing, that the g^reasy humour should at once 
cpntain carbonated alkali and lime in solution. 
VAirauELiN. and Buniva found a greasy mat- 
ter, resembling cheese, on the skin of the foetus, 
whereby its epidermis in the womb wa& defended 
from any effect of the liquor amnii, 

■• 

• The Skin is an organ of secretion, which is dis» 
tinguished from all others by presenting an ex- 
tended surface, from which the g^reatest part of 
the secreted matter must be discharged by means 
of evaporation. In former times much pains 
were taken to examine the quantity of transpinu 
tion. Sanctorius continued hiis experiments 
for thirty years ; and after him many others have 
laboured in the same field, as Dodart, Keil, 
Robertson, Rye,. Lining, and at last also 
Lavoisier and Seguin in France, and Cruik« 
9HANK in England. But all their experiments 
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J^.&Ht only id poo ve^ bow ihudb mqisture was pei^ 
i^pired^ without affcnrdin^: any information a^ to 
the^ quality and nature of the perspired msftter. 
AcccMrding to the mean of these experiments 4i 
jpoiUids per day, were pjerspired from the skin.-^ 
The secretion wa^r most abundant duriiig the time 
ofdigestiony and least .of all^ immediately aftcv 
meals^ Ckviksuank having confined his hand 
in a glass, collected the water which transpired, 
and found it to be very pure. In the air, a por* 
tion of carbonic acid was found,. which in oil pro^ 
1[>ability had been formed by the operation of the 
air.on the transpired matter> as the ¥(dume of the 
air had not increased. As he dbtatned.'toore water 
in a low temperature than in a high one, he con-, 
diided, that the. transpiration of* t3ie skin vt^as 
greater in a low temperature; bui it Sjeems. that 
he did not recollect, that the more water was 
eondensed on the glass by cold, the greater be-f 
eatne the power of the inola^ed aiir to receivi^ 
evaporating water, whe^ it was wsinued again 
by the hand. Thestabd collected the mattexr 
of tranispiration in flannel shii*ts,. and foundf that, 
after extracting it with water, and then evapor«t 
ating that water, it produced an acid, saline^ 
syrupy extract, the free acid of which he consi- 
dered as acetic,, in consequence of an. experiment 
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ill the course of hin exatniiiatioii of the luetic acid^T 
which had detennined him to declare this acid 
to be acetic. 

The matter of transpiration is always acid^ 
and reddens litmus paper very distinctly. I col- 
lected some drops of sweat (m a watch glass, and 
suffered tibem to dry, when they presented cryfr' 
tals of muriate of soda, and also visible marks of 
the ususd acid extract of the secretions ; on the 
addition of water, they left an insoluble residuum^ 
which, when strongly heated, smelt like burnt 
albumeu. In the mean time, much remains to 
foe known on l^e subject c^ transpiratimi, before 
we can discover the various matters secreted by H 
from the body, and the different modificaticms to 
whidi it is subject, according to different cir« 
€umstances» 

The NailSf which are a continuation of the 
dun, are of exactly the same composition as the 
epidermis; but have a firmer texture. And of this 
nature are also hoofs, talons, claws, and i^ch 
other parts, as in the brute creation answer the 
purpose of nails. 

. The Hair is of a peculiar compositi(m. Hatch* 
^TT, and AcHARD have made several experi- 
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%as unknown, an^ l^eBzoic acid, which, bowe% er, 
for the most part otxrorred only in the urine of 
children. Cruiksha^k, who was employeil by 
Roi.]X> to examine diabetic urine, instituted af- 
terwards an exact analysis oi human urine, as 
well in its healthy state, as m vanoos diseases, 
and hence very important results were obtained. 
He described the nrea — showed its property of 
being precipitated by nitric acid, and stated cer- 
tain methods to determine with precision the re- 
lative quantities of the 4ifi^rent constituent parts. 
His experiments on the urine of sick persons have 
given Physicians very good diagnostic signs, of 
which none, who practice medicine, ought to be 
ignorant. Thus he found, for instance, that urine, 
during the state we call fever, acquires tlie pro- 
perty of being precipitated by corrosive subli- 
mate. In a higher fever it is precipitated by 
alum, and in still higher degrees, by nitric acid. 
In common dropsy he found albimien in the 
urine in considerable quantity, as also, though in 
less quantity, in indigestion ; but, on the other 
hand, its quantity was not increased in encysted 
dropsies, &c. Cruikshank's work was pub^, 
lished in 1797, as a part of Roixo*s treatise on 
Diabetes mellitus. Three years afterwards,. 
FouKCHOY and Vauqueun puWisbed a still 
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more extensive and "veiy accurate analysis of the 
iiriue, and FoURCROY asserts on this occasion, 
(in his Systeme des Connoissances Chyniiques): 

that he and VAuaUBLiN had known the circum^ . 

. ■ * • • • » 

stances. Avhich constituted the most remarkable,, 
part of Cruiksjplank's analysis, several years 
before that Chemist. FotJJiiCROX anfl VAuauE- 
UN examined th^ phenomena qf the putrefaction. . 
of urine, andthedeconipositionsjg^i^ ^^^w^^^^abi-f.^ 
nations which take place in,, the proc^^ apd their., 
work was the most complete analysis in Animalj 

Chemistry, at that time kopwn. Pxto^ST hsu?. 

* 

liince made farther experiments on urine, aiji^, 
has found in it carbonic acid, c^bon^te of lime, 
and a peculii^r .^•^sin, like that of the, bile, which, 
however, seem all to have bf eii| fqrn^ed in, 
the operation... Th£NARD h^. siope eqd^ar. 
voured to sho\Yr4lv^<i the free acid inrthi|,urin^ i^ 
not phosphoric,^ acid|!,)btut aCjetic. La^of all, I. 
have takei> up the inye^tigation of. thii^ subject^ 
and have obtained resuJ^sw^iph.Wvei escaped ^|ie. 
attention of my predeq^s^ors. \ foi^d; tl}l^t4|]i^^ 
free acid qf the lU'ine was not . ^qetic^ aior phos,- 
phor ic acid \ but that : it , ,l\el?>nged to . tw oj .. ^cidi 
peculiar to the body, ,y \%. thg l^ptic and |th^ ur^ 
acid ; and I hav^ proved the presence, of the for- 
mer in uriae, by i^eY^ral eMeriments, .^hich S 
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ihktk tolerably decisive. In the bonc-^eartfiy 
which is held in solution by the free acid of urine, 
I found, as in the bones, fluate of lime, and by a^ 
clmiparison \ri& the compositioh of the blood, it 

r 

appeared, that the kidneys,, in the formation of 
urine, oxidate a portion of the ihor^ remote con- 
stituent parts of the blood, and produce several 
acids, alkalies . and earths, which were either not 
found in Ihe hibcii before, or existed in it only in a 
smaller quantity^ Thus, for instance, I found in 
the urine' ^ considerable quantity of sulphuric and 
phosphoric acid, ibe former of which is not dis- 
cernible in the blood, and the latter only in ai 
very minute quantity. The portion of earthy" 
and alkalihe salt^, which urine contains,^ is also 
very considerable, whereas in the blood it is but 
small. Thb different sediments, \*irich the urine' 
precipitates' whilst cooling; I ibuhd to be eittler 
solely the mucus of the bladder, which is always 
present in urine,partly suspended, and partly dis- 
solved, or a combination of this mUcus with the 
imc acidj but it does not contain earthy phos- 
phates. I have end^voured to showvthe neces- 
sity of making a dnrtinction between the me- 
chanicai sedimient, which is abundant in 'the ca^ 
tarrims vesicae, and coities from the bladder, and 
Ihat, which takes pbce when the bone-earth is 
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precipitated in the secretion of the urine, for want 
of a sufficient quantity of acid to dissolve it. The 
urea, which my predecessors had described, I 
foimd to be a composition of the urea, properly 
so called, and several deliquescent substances, 
which they had not succeeded in separating from 
it. The urea, such as I obtained it in my expe- 
riments, is \oid of colour, and forms very distinct 
prismatic crystals like nitre. It is, however, 
very obstinately combined \iith lactic acid, lac- 
tate of ammonia, and the above mentioned ani- 
mal matter, which always accompanies this acid 
and its salts, and which probably is also always 
formed at the same time with them. This ani« 
mal matter has a brownish yellow colour, and in 
combination with the lactic acid and' its salts 
;;;^ives to the urine its colour. It is easily dis- 
solved both by alcohol and water, and from this 
substance, and not from albumen, as was for- 
merly supposed, arises the precipitate, thrown 
down from urine by tanning'. The matter, which 
in urine precipitates corrosive sublimate, is not 
only albumen (the presence of which in case of 
disease is very probable) but also a peculiar ani- 
mal matter, which is not dissolved by alcohol, but 
which, like that soluble in alcohol, always ac- 
companies the lactic acid and its salts. It is not 
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precipitated from the urine of persons in health 
as long as it contains free acid, and the want of 
acid has, perhaps, some share in the precipita- 
tion, which the sablimate produces in the urine 
of persons in a feverish state. Besides these ani-. 
mal matters, the properties of which my prede- 
cessors had failed to discover, I also found a 

• 

mineral substance, vihich had been overlooked 
by them, viz. silica. This earth is met with 
in urine, and probably in all the fluids of 
the body, though in very small quantities, and 
has been introduced with the water, which we 
use partly in the preparation of our food, and 
partly as a daily beverage, and since no processes 
occur in the body, capable of separating it, it 
must accompany the fluids until it be evacuated 
by the excretions. 

The diseased alteration in the urine, which ge- 
nerates saccharine matter instead qf urea, and 
which was so fully examined by C|MJ{KSHANK, 
has since been still fui'ther investigated by Nico- 
I.AS, SoRQ, Thenard, BpSTPCi^, &c. Their 
analyses vary ats to the results, and show, that this 
diseased state is not always of the same nature ; 
but they all agree, that the new-formed sugar is 
very easily destroyed during the experiments, 
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'nnd that it cannot be discovered in the blood. 
I have had an opportunity of examining diabetic 
urine, in which no sugar could be discovered, 
and in which, nevertheless, no urea was found. 
When alcohol was poured on this urine, when it 
harl been gently evaporated^ it dissolvc^l a brown 
substance, which, after the alcohol was evapo- 
rated by heat, left a quantity of stiff extract, in 
which lactic acid was discovered, and together 
with it some signs of lactate and muriate of ammo- 
nia ; the extract, however, consisted almost en- 
tirely of the animal matter, which accompanies 
the lactates, it was precipitated by tanning matter, 
and left after combustion a small quantity of mu- 
riate of soda, which had some slight traces of a 
free alkali. 

< 
The urine of Vi.-i6us kinds of animals has been 

examined by Roujblus, Fourcroy, Vauque- 

LiN, Brands, Chevreui., &c. and to these 

experiments may also be added the analyses 

made by Fourcroy, Vxvqjtejan and Kxa- 

PROTH, of a collection of the excrements of a 

bird from the South sea^ called Guano, in which 

they found a great quantity of uric acid. Branbe 

thinks, that he has discovered the same in the 

urine of the camel, and YAUaiTEUN found it in 
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the stone from the bladder of a tortoise ; from 
which it appears, that man is not the only animal 
in whose body this acid is generated, 

The Kidneys, in which the urine is formed, 
have not beto examined, and the chemical proper*' 
ties of their pslrenchy ma are not known. The nri-? 
nary bladder and its channels are similar in their 
composition to the intestines ; but the mucus of 
the bladder, such as it is deposited with the uvine, 
is very unlike the mucus in other places. It is 
almost completely pellucid, forming small grains, 
which, when gathered on a filter, leave a slip- 
pery and colourless mucins, which, however, often 
becomes red in drying, and shows signs pf con-. 
taining uric acid, After being moistened with 
w ater it does not again becopie viscid. 
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The concretions 9 which are formed in the urine, 
have, from the remotest times, been the object of 
conjectures and experiments. Frpm 6ai-en to 
Paracelsus, the ideas relative to these concre- 
iions were absurd. Van Helmont compared 
them to tartar; and after him, they were vari-> 
ously described by a great number, among whom, 
Hales, BoYLEjBoERHAAVB,and Slare, de-. 
rjevve to be meirtioned. At last, some caloiU 
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from the bladder became an object of investiga- 
tion to our never-to-be forgotten Sche£I«e. 
He soon discovered the uric acid, described it* 
I)roperties, and as he found it in all healthy urine, 
he concluded, that this acid was always the prin- 
cipal constituent of these calculi. Henry after- 
wards extended our knowledge of this acid still 
further, and Scheel:^ has been followed in his 
investigation by several others, such as Austin, 
Walker, Brugnatelu, and Pearson. — 
At last, Dr. Wollaston published, in the Phi- 
losophical Transactions for 1797, his analysis of 
gouty and urinary concretions, which he proved 
to be of four principal kinds, viz, such as con- 
sist of uric acid, of double phosphate of mag- 
nesia and ammonia, of oxalate of lime, and of 
phosphate of lime ; and he gave at the same time 
a short description of their external form, and 
characters. In the year 1800, or three years 
after Wouaston, Fourcroy and VAuauE-* 
X-iN published a more comprehensive work on 
these concretions, in which Woi^j-astqn^s dis-. 
coveries were confirmed, but without his being 
mentioned either in that work, or inFouRCROY*s; 
Syst. des Connoissances Chynodques, among those 
who had laboured in that field. But, notwith^ 
jsfts^nding this omission, to Wollaston the hich 
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nour is due of having: been the first to discover 
the difterent constituent parts of these concre- 
tions; however, as the French Chemists had 
near 600 different stones to analyse, and before 
the work was published, had an opportunity 
of comparing it with Woi-i4ASTON*s, it does 
contain very important additions, and presents 
us with a number of different modifications of 
these substaucer* in the composition of stones. 
Besides the constituents, which Wollaston 
had discovered, they found two others, viz. urate 
of ammonia, and silica, the latter of which was 
only found in two instances; and the former, 
Branbe has lately endeavoured to prove to be 
nothing else than uric acid united to urea ; but I 
eajinot consider his reasons for this opinion as 
completely satisfactory. Fqurcroy and Vau- 
QUELiN tried, whether it ihight not be possible 
to remove the stone without an operation, by in^ 
jecting into the bladder either very dilute acids 
or alkalies, accordingly as the stone consisted of 
uric acid or earthy salts ; but I do not kpow that 
this experiment has been attended with any sue-* 
cess. They also tried to discover the circum-? 
atances, which gave rise to tlie generation of cal-» 
culi from urine: this, however, still remains a 
^epret^ and.^e k«iow no,more ?tbout it, than what 
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a luLjo- mcJical practice has taught us, respect^ 
r.vr the more or less noxious eflfect of the diet of 
the Patieut. It was accidentally diiK^overed, that 
the alkalies, when taken inwardly, had a good 
effect in relievin;^^ the pain, in cases of the stone, 
and that vegetable acids ag^gravated them Vt hen- 
e\er the calculi consisted of uric acid ; but, not- 
w ithstanding this experience, it i^ often impos- 
sible to diminish the acid of the urine by the use 
of alkali in thoiie tliat suffer from an excess of 
uric acid ; and I liave myself tried in vain the 
effect of acids in neutralising or acidulating an 
alkaline urine. A middle-aged man was laid up 
with the gout, his urine was foul and alkaline, 
holding the earthy phosphates susp^ided in aa 
undissolved state. I gave hun^the sulphuric acid, 
without any change ; and afterwards die phos- 
phoric, without any effect, until its dose wa« so 
much increased that it became laxative : the 
urine then became acid, and .'deposited uric acid 
as long as the laxative effect continued, but no 
longer, although the dose of the acid remained 
unaltered ; lastly, I tried the acetic acid with as 
little success. 

Brani>e has lately attempted to prove the 
inefficacy of alkalies as a remedy, in cases of cal* 
cqU formed of uric acid. Dr. Henry, who had 
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found that alkalme urates do not precipitate mo- 
riat of magnesia, which earth consequently pro- 
duces i^ith this acid a salt easily soluble, pro- 
posed that an experiment should be made with 
magnesia ; which experiment, according to 
Branpe's statement, completely succeeded, so 
that after using, for two weeks, from fifteen to 
twenty grains of magnesia, morning and evening, 
all the superfluous uric acid was removed, and 
the patient became completely cured. This dis- 
covery is as yet too recent to be considered as 
sufficiently confirmed by experience*. 

* Dr. Wollutoii has desci*ibed, in the Pbiiosophical trans- 
actions for 1810, % rare species of caicalus, containing a sab- 
stance to irhicli he has given tlie name of the cystic oxyd. 
These caicnli are in the form of a mass " confusedly crystalli- 
zed/' yellowish^ and semitransparent : they are insoluble in 
alcohol, and in the acetic, tartaric^ and citric acids, nor are they 
afiected by the saturated carbonate of ammonia : but they are 
iCsai4Yed by the stronger aoids and alkalis : with the acids they 
afford slender spicular crystals, radiating from a centre ; with the 
alkalis small granular crystals ; and their peculiar substance 
seems to be exhibited alone in the form of hexagonal plates, 
irhen slowly precipated from a solution in pot-ash, by distilled 
yin^gar. Dr. Wollaston finds a greater quantity of uric acid in 
the dung of birds^ in proportion as they feed more on animal 
food ; and hence suggests, that the tendency to deposit the uric 
calculus, or to form gouty concretions, might very possibly he 
fibriated by a vegetable diet. T. V. 
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Of the processes, connected with the propagfa^* 
tion of animals, and the matters bv which thev 
are influenced, we know, as yet, but very lit- 
tle. The seminal liquor has been examined by 
VAUauEi-ix. Its composition be^ns to change 
immediately after emission; it deposits by de- 
grees earthy phosphate, which probably results 
from its decompositionr Its characteristic con- 
stituent, which in the first moment appears to be 
mucus, becomes, when out of the body, thin and 
liquid in all kinds of gas, and even in a v^uum ; 
the humour, which in the beginning w^s alka-* 
line; becomes acid by degrees. Of the seminal 
liquor of other animals, we know only the soft roe 
of fishes, by means of the experiments of Foua- 
CRO Y and VAuauELiN; and in that a peculiarly 
remaricable substance ociurs, which is insoluble 
in water and spirits ; ' on being distilled in dose 
vessels it produces phosphorus, which is partly 
sdblitffed, and partly dissolved* in the empyreu- 
matic oil. The substance itself contains neither 
free phosphoric acid nor any phosphate. 

The substances in the female, on which the se- 
minal liqnor operates, are entirely tuiknown, and 
the chemical nature of these processes is as 
completely concealed from ns, as the intimate 
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economy of all other processes in Animal Chc- 
mirtry. The phenomena, under ii\hich the foe- 
tus is formed and grows, belong more properly 
to Anatomical than to Chemical Physiology- 
JEven the manner in which the foetus receives its 
sustenance and increase is perfectly enigmatical, 
since we know with certainty, that the blood- 
vessels of the feetus have no immediate con- 
uexion with . those of the mother. 

The fluid by which the foetus is surrounded in 
the womb, and, which is discharged at the birth, 
has been examined by Vauquelin and Bu- 
NiVA ; and according to their analysis, the liquor 
amnii in women seems to have a great analogy 
with the fluid of serous membranes, and with the 
humours of the eye : it contains no more than 
from 1* to li p. c. of solid matter. In several 
of the mammalia urine is formed in the kjid- 
neys of the foetus, and is carried ofi*, through 
what has been termed the urachus, into a peculiar 
reservoir, which is formed by the allantoid mem* 
brane. Wlien the foetus is born, the urine 
mixes itself with the liquor anmii, from m hicli 
circumstance it was long supposed, that th^ dif- 
ference, for instance, between tlie liquor anuiii 
of a woman and that of a cow, was very consi- 
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derable. De Zondi has, however,. Utely slK)wn, 
that these differences relate, prpperly speaking*i 
only to the urine of the foetus,* which is contained 
in the allantoid membrane. VAuau^UN and 
BuNiVA, Avho examined these mixed bumoui's, 
found in them a peculiar icristallizable acid; 
scarcely soluble, 'which they called amnic acid* 
It greatly resembles the benzoic acid, but differs 
from it in this respect, that it is destroyed both 
by distillation and by the nitric acid. They also 
found in it a peculiar brown subsiance, r^em- 
bling an extract, which is soluble in alcohol^ 
cannot be precipitated by tanning, and iwhich, 
consequently, is unlike other animal matters of 
the same kind. Meconium has only been ex- 
amined by Bayen^ and seeriis to be a biliary mat- 
ter, converted into resin, the properties of which 
the more resemble the bilioas matter in th^ intes- 
tines of full-grown persons, the further it has ad- 
vance.from the gall-jbladder of tjbe foetus towards 
the rectum. 

The Milk was first examined by Boyuej 
after him, Boerhaave gave an explif^it analysis 
of it. Hoffman, Macuuer, and Spiejlman, 
foUoMf^d; and lastly, Rouei^le and Scheeus 
investigated the salts and other less-known con^ 



stituent parte €>f milk. Schbi:i;e now discovered 
the saccholactic acid and the lactic acid, and de- 
tnonstrated several chemical properties of the 
milk^ A considerable time afterwards, milk 
and lactic acid were examined by Bouii.i^x<i 
Lagrange and by Thenarb^ who declared 
the acid to be the acetic, united with a peculiar 
animal matter> from which it could not be sepa-< 
rated by distillation. Pourcroy and VAuauE- 
UN ^ve us after this an ample analysis of milk, 
in which they still further rejected Scheeub'si 
lactic acid, because its salts, when distilled with 
sulphuric acid, produced an empyreumatic acetic 
acid ; but as this is the case with several other 
fixed vegetable acids, which still are not con- 
sidered as acetic acid, the arguments of the 
French Ghemiste seemed not satisfactory. I 
have, mvself, also endeavoured to ascertain the/ 
composition of this substance, and have obtained 
results, which had escaped the attention of my . 
predecessors. I have proved that, in the fonna- 
tion of butter, air is absorbed, and not disen- 
gag^, as some Chemists assert, this disengage- 
ment only taking place, when the milk is in a 
fermenting state, and has become impregnated 
with carbonic acid gas. I have further proved, 
that cheese occurs dissolved in the milk in a 
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clear solution, and not merely suspended in an 
emulsion, and I hare endeavoured to ascertain in 
ivhat it differs from albumen, T?hich it otherwise 
resem})les, and with which Scheeli: compared 
it. I liave also proved, that milk does not con- 
tain gelatine; and that the extractive matter^ 
which gives a brown colour to the sugar of milk, 
resembles what occurs in the humours of the 
muscular parts and in urine, and consists of lac- 
tic acid, and alkaline muriates and lactates, toge- 
ther with the extractive animal matter, which is 
soluble in alcohol. I have examined the greater 
part of the lactates, and have proved, as I hope, 
beyond Contradiction, that the acid cannot be 
either the acetic, or any other vegetable acid, 
but is a peculiar and very remarkable acid, 
which occurs in the economy of the animal body, 
and for which I have retained the name of lactic 
acid, which it received from its discoverer, al- 
though it is found in greater or less quantity, as 
well in the juices of the muscular flesh, as in urine ; 
and I have thereby restored to our illustrious coun- 
tryman ScHlifiLE, the singular honour of never 
having advanced an erroneous statement relating 
to the Science of Chemistry. 
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Filially, with regard to the manner in which I 
have endeavoured to treat the subject of Animal 
Chemistry, it has been altogether different from 
that of my predecessors, who, considering it as a 
part of general chemical knowledge, have all di- 
vided the productions of the animal body into cer- 
tain classes, and described them only as objects of 
analytical chemistry, to which they have added an 
appendix, with sonie general reflections on the 
economy oF animal life. But this mode of treat- 
ing Animal Chemistry is altogether without an 
object, and gives to the results of chemical in- 
vestigations, little more than a technical value, 
which, however, is entirely foreign t§ Animal 
Chemistry, properly so called. For my part, I 
have endeavoured to unite chemical and ana- 
tomical researches in the pursuit of one common 
object, in order thus to give to the investigation 
of the Animal Chemist, a determined and scien- 
tific tendency, and to his efforts, a physiological 
view. As my predecessors have not always be- 
gnn from the b^V^ point, or taken their aim in 
the sajne direotJ4)iii, it has Imppened, that much 
has been, overlooked by them, which Inight have 
been found without difficulty^ and thereby I have 
been enabled, in the experiments which I have 
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had an opportunity of instituting', to discover or 
j»rove many circumstances, till then either un- 
kno\^ n or imperfectly stated, but of importance 
to the physiologist : and I foresee, with pleasure, 
that, when more able men than myself shall 
hereafter occupy themselves with researches in 
Animal Chemistry, in the same manner as I have 
done, this interesting Science will acquire a de- 
gree of perfection, which, at present, we not only 
do not expect, but scarcely even venture to 
hope. 
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